
ANNUAL 

SCIENTIFIC 

REPORT 


TEA RESEARCH ASSOCIATION CALCUTTA 






Our Com 

Different Methods of Plucking 



TEA RESEARCH ASSOCIATION 


Annual 

Scientific 

Report 

The Tocklai Experimental Station of the Tea Research Association 
has pleasure in presenting the Annual Scientific Report (Part H) 
for the period 1st April, 1978 to 31st March, 1979. The Annual 
Administrative Report (Part!) of the Association for the same 
period is being issued separately from T. R. A , Calcutta. 


Published by 

TOCKLAI EXPERIMENTAL STATION 
JORH AT -785008 ASSAM INDIA 



Copyright Reserved 
March 1980 


Published by 

TOCKLAI EXPEIUMENTAI. STATION, JfORHAT - 785008 ASSAM INDIA 
and Printed at ASSAM PRINTING WORKS (?) LTD, JORHAT-78500I 



Cuutfiiia 


DIRKCTOR’S RKPORl’ 

OrGANLSA'I ION 

Senior S i aee Mai i ers 

I rainino & Courses 

Visits 

VisrioRS 

Library and Publication 

ri:pc)R r of dlpariwien ts 

Advisory 

Summary OE Results 
Agronomy 

Soils & Meteorology 

Hoiany 

ICn'I'omology 

Mycology 

Hiochemisiry 

Tea Tasting 

Engineering Research & Development ... 

Statistics 

Agricultural Economics 

Instant 'Pea Project 

Investigations on Chemistry of Tea 
at Sheffield University 

APPENDIXES 

Appendix A — List of Advisory Department Field Experiments in the Member Estates 
Appendix B Ijst of Experiments of Other Departments in the Member Estates 
Appendix C - Published Papers & Papers in the Press 
Appendix D — Summary of Meteorological Observations During 1978 


Page 


6 

6 

7 

8 
10 


12 

18 

22 

32 

45 

51 

57 


62 

68 

70 

73 

76 

87 

89 


98 

100 

102 

106 




Scientific progress of an industrial research institute 
like Tocklai depends upon the support it receives from 
the industry and the availability to it of the resources 
of personnel, their quality, physical facilities and scienti- 
fic equipment. Planning and organisation to marshal 
these resources in the best possible manner is a pre- 
requisite for orderly progress of modern research. In 
this note 1 shall attempt to bring to your notice these 
items as an introduction to the main scientific report 
of Tocklai. 

TRA Membership 

Continued support of the industry to our institute 
was evident from further increase in membership to in- 
clude some 88% of the total crop in N.E. India. During 
1977-78, the Tea Research Association added 17 mem- 
bers to its family, raising its membership strength to 788 
tea estates. Consultancy firms were inducted into 
membership in a new category of Associate Members. 
Anotlier new category was of tlie new estates which had 
not started production as yet. 

Liasion with Industry 

Tocklai’s liasion with the industry is very close and is 
the backbone of its efTective services. It emneshes with 
almost the entire functioning of Tocklai, ranging from 
finance & control to technology transfer and services. 

Effectiveness of Tocklai’s R & D efforts is evident 
by increasing productivity of its members; the difference 
in the hectare yield of member tea estates and non-meni- 
ber tea estates has widened this year to almost 
yields being 1626 and 1070 kg per hectare respectively. 

Personnel 

On 31st March 1979, Tocklai had a total strength of 
47 officers and 568 staff members, of which 41 were 
specialist officers and 154 research assistants and research 
fellows. The experimental estate employes at 
Borbhetta and Tocklai Division additionally 604 
persons. During the year five officers, one each 
in Plant Breeding, Biochemistry, Research Engineering, 
Advisory and Accounts have joined in addition to 17 
research assistants. Two officers left the serv ice of the 
Association and two officers retired while among staff 
members five retired and nineteen resigned. 

Qiiality of a research institute is reflected by the qua- 
lity of its scientific manpower. The Doctorate and 
Master’s degree holders amongst its scientific stafl' have 
increased to 76. We have further built upon this basic 
strength. In order to improve the utilisation of our re- 
sources for achievement of TRA’s objectives, two senior 
officers attended courses on Management of R & D in 
top level management institutes. Two research assis- 


Bircct0r 8 Report 

I si Aprils 1978 to 3 1st Marcky 1979' 

tants were sent for training to equip themselves with 
higher standard of research ability in their respective 
subjects. Two officers were stmt to visit Tea Research 
Institutes in Indonesia, and Malaysia and attended a 
seminar on tea in Indonesia. 

Sub-stations 

A major organisational decision has been taken for 
setting up full fledged sub-stations/rcgional centres for 
better technology transfer and more intensive study of 
regional problems. Already one major sub-station at 
Nagrakata is being commissioned for adapting technology 
to local problems and to transfer the existing and new 
technology more effectively to the tea industry. Im- 
plementation of plans for developing the Gachar Advi- 
sory Centre into a Regional Sub-station has been 
deferred to the next year (1979-80) and of North Bank 
to the year after ( 1 980-8 1 ) . 

The strength of other Advisory Centres has been im- 
proved by adding more Advisory Officers for estates 
visits during the year. 

Physical facilities 

On campus housing facilities have been expanded. 
Stafl' housing construction awaits traivsfer of Tocklai 
Tea Estate to TRA, for availability of housing site to 
accommodate all categories of stafl'. Construction work 
at Nagrakata has been assumed in full swing for the deve- 
lopment of the sub-station. Another soil testing labora- 
tory is in the planning stage at Cachar to accommodate 
the growing need of the planters for soil tests. The 
master plan for development of Silcoorie sub-station 
has been prepared and sent for approval of TRA. Some 
urgent construction works for offices, housing etc. which 
have been approved, are in progress in this and other 
regional centres. The master plan for the sub-stations 
will be implemented in phases in the forthcoming years. 

During the year, several items of major equipment 
at a total cost of Rs. 8.26 lakhs were added to the existing 
laboratory facilities. These equipments included Spec- 
trophotometer, Gas Chromotograph, Infrared Gas Ana- 
lyser, Tcchnicon Autoanalyser, Binocular Microscope, 
Olympus Erinocular Microscope, Drip Irrigation Equip- 
ments, Portable Area Meter, Autopororneter, Quantum 
Light Meter, Plant Water Satus Console and two Burkard 
Spore Traps. 

R & D Planning 

For the last few years, Tocklai has instituted a system 
of drawing up long and .short term plans and introduced 
project budgeting concept. This has been continued 
to be improved over the years and is now forming the base 
of planning for manpower, building and equipment. 
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Wc have foniiulaU'cl a 5 year joro^rainine ol' work last 
year. 'I his year for the first time, 'Toeklai brought out 
the Five Year Rolling Plan, which is a projection of the 
activities for an additional period beyond the Five Year 
Plan period i.e. from 1979-80 uplo 1983-84. This rolling 
plan describes the plan perspectives for the period 1979- 
80 to 1983-84 of ‘if) Research PrcjiM ts and the All India 
f'oordinated Projects where M’ca Research Association 
Vv’ill participate. Budget estimates for 1979-80, projected 
estimates for the other years of Rolling plan period, the 
Plan arul Non-Plan break-down for the estimates, project/ 
infrastnicliire wis<' are given in this Rolling plan docu- 
ment. Since most of the biological research projects 
of 'Poeklai Experimental Station are long term and con- 
tinuing in nature, the rolling plan will be of great help 
for recasting the research activities each year. 

Idle annual research plan and project budget for 1979- 
80 was prepared which is the .second exercise of its kind 
at Tocklai. It gives detailed experirnentwise break down 
of the budgeted expenditures of 'I'ocklai and out-stations 
along with the extent of research manpower involve- 
ment in each project. It will help in monitoring the 
progress of eacii project from tiiiK' (o lime. 

Long term plans for manpow(‘r n'qui remen ts, labora- 
tory space and equipment have been prepanxl. A master 
plan is now under way. 

Interaction with the Planning Division, Cl.S.I.R. and 
the Department of ScieiK C' and I'cchnology has becui 
maintained for supf)lying information pertaining to the 
R&D activities of Tocklai. Foreign exchange' budget for 
1979-80 for the l ea Ri'search Association was prepared 
and submitted to the (louncil of Scientific and Industrial 
Research. 

7’he concept of PERT planning has been introduced 
in planning phy.sical facilities. One of the major problems 
has been the delay in recruitment of scientific personal. 
A PERT plan was prepared with detailed break down 
of activities for completing the recruitment in minimiun 
possible time. Similarly Pl’.RT charts were prepared 
to complete preparations for Eocklai Biennial Conference 
in time, as well as for construction of new laboratory 
buildings. Efforts are now under way for introducing 
this system in selected projects for planned systematic 
completion of the jobs. 

Collaboration in research 

Tocklai has a long history of collaborative research 
which has been recently built upon. From 1962 to 1976, 
the station hnanced a research project on Chemistry of tea 
at Shcflield University in the U.K. where its scientists 
went for work. Physiological aspects of the tea plant 
were studied by Tocklai .scientists in collaboration with 
Cambridge University scientists from 1961 to 1975. Co- 
operation between UPASI and Tocklai dates back to 
1925 when the hrst scientihe officer of UPASI was train- 


ed at Tocklai for one year, before taking up his assign- 
ment. Collaborative and complementary re.search pro- 
jects are now being drawn up between UPASI and ERA 
where three joint consultation panels - on production, 
plant protection and tea technology aspects have been 
formed. The Tea Board is financing a pilot plant on 
instant tea at Tocklai in collaboration with Calcutta 
University. For the last several years, India-Srilanka 
joint panels havt. identified research projects for colla- 
borative and complementary R & D efforts between 
Tocklai, UPASI, 4’RI Srilanka, Packaging Research 
Institute, which a e sponsor'd by the Tea Boards of India 
and Srilanka, respectively. We have a current research 
project with Unlever’s (k)lworlh laboratory to study 
the aronui constituents of black tea as well as pigment 
constituents of CTC and Orthodox t(;as in relation to 
pigment profile. 

'Eocklai has entered into research collaboration with 
sister laboratories in C.S.l.R. for All India Coordinated 
Projects and other projects of national importance in the 
areas of interest to the tea industry and which are part 
of our approved Five Year Programme of work. We 
are accordingly carrying out researches in ( 1 ) Uhemislry 
and pharmacology of tea with Central Drug Kcscirch 
Institute, Lucknow; (2) Development of tea machinery 
viz (a) material for replacement of present UTU roller 

(b) Iluidised bed coal heater for the present lea drier, 

(c) fluidised bed drier, (d) lea plucking machine, (e) 
sprayer with pulse engine and (f) studying orthodox 
rolling machine and withering system with Uentral Me- 
chanical Engineering Research Institute, Durgapur; 
(3) Development of non-convent ional tea beverages with 
Uentral Food Technological Re.search Institute, Mysore; 
and (4) Biological evaluation of pesticides with Indus- 
trial toxicological Research Uentre, Lucknow. Other 
projects viz- (5) Utilisation of byproducts of tea with 
Regional Research Laboratory, Jorhat and Uentral 
Leather Research Institute Madras, (6) Aerobiological 
survey with Centre of Biochemicals, New D(‘lhi and 
National Botanical Research Institute Lucknow, (7) Dev- 
elopment of agro techniques for some of the economic, 
medicinal and aromatic plants with Uentral Institute of 
Medicinal & Aromatic Plants, Lucknow, will soon be 
finalised. A project of national importance on (8) 
Biological control of pests, is coordinated by a 'Eocklai 
scientist. Work on (9) Elcctronic/electrostatic stalk 
separator will be taken up with National Phy.sical Labo- 
ratory New Delhi and (10) Tissue culture work is 
with National Chemical Laboratory Pune. Colla- 
borative projects arc under way, (11) to study the App- 
lication of certain mathematical techniques for forecas- 
ting of crop and cultural operations in relation to weat her 
factors with the facility of the Govt. Engineering College 
North Bengal University, (12) for Ergonomic study of 
tea plucking with Department of Ergonomics & Physio- 
logy, Calcutta University and (13) for the Use of ionising 
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radiation for tea breeding and plant physiological work 
with Bhaba Atomic Energy Rcs.^arch Centre. 

Technical assistance 

The U.N.D.P. financed project on drainage is pro- 
gressing. Next year one specialist and a research assis- 
tant are scheduled to go to Netherlands for liigher stu- 
dies with F.A.O. fellowships under this scheme. Ano- 
ther scientist will visit SLwei'al centres in the U.K., Europe 
and U.S.A. in this context. 

Fhe plan proposal sul)mitt(‘d to the Overseas Deve- 
lopment Ministry, U.K., estimated to cost approximately 
£ 1.7 million, has drawn their keen attention for streng- 
thening research at d’ocklai through twinning arrange- 
ments with counterpart research institution in the U.K. 
Several British experts have visited to assess 'l\)t:klai’s 
needs to take up furilier collaborative projects, ddiey 
are believed to have strongly recommended that ODM 
may provide assistance to d’ocklai through (i) provision 
of sophisHcaterl equi})ments not available in India, 
(ii) consultancy visits of experts, (iii) training ol research 
personnel in the U.K., and (iv) other resources to build 
up d’ocklai’s ca[)a.bility. 

In service Refresher /Training courses 

A very important aspect of technology transfer is to 
bring tea planters and their staff au fait with the latest 
development in technology through various short-term 
nd'rcsher/inservice courses at d'ocklai. I’he one year 
training course* on tea cidture for building up junior tea 
garden executives has also continued during the yc^ir. 
Of the short term refresher courses offered to the planters 
were two fi-day courses in Field Drainage, three 3-day 


S 

courses in d'ea Economics, two 3-day Field Management 
courses and one 1-day orientation course in the Methods 
of Work Study, apart from two 4 week Vegetative 
propagation training courses for supervisory staff for the 
members of the north-east Indian tea industry. 

Instant Tea Project 

Tocklai continued its experiments in a pilot plant ins- 
talled at d'ocklai and sponsored by the d'ea Board. 
J'ingineering and other data were generated to upscale 
the method of instant tea production. Under this project 
a hot soluble instant tea which is as good liquoring is 
orthodox teas of second flush, was j)roduced for the first 
time. Investigations are now under way to stabilise the 
quality and reduce the costs to make it a commercially 
feasible process. 

Research results 

Individual departments have reported about the pro- 
gress of various projects in the succeedings chapters. 
A feature of this report is a summary of the work done 
for 14 years in tea chemistry at Sheffield University, on 
l)ehalf of (he d'ea Research Association, d’his and a 
report on the Instant d'ea Pilot Plant arc given after 
the departmental progress reports. 

Since the last report, wc have followed a system of 
highlighting individual department’s work in the begin- 
ning of each section and then giving details of research 
findings which the readers will find most interesting. 


J or hat 
6. 11. 79 


( N.K. Jain ) 
Dirctor 
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liaison with the Industry 

Tocklai has a close liaison with the tea industry of 
North East India which it has served for 79 years. 'ERA’s 
Council of Managcnienl whicli is composed of elected 
member's of the industry and C^SIR nominees, is res- 
ponsible for finance and control of the Station. For 
effective technology transfer and providing services, 
Tocklai interacts very closely with individual units of 
the industry. The.se points of interaction of Tocklai 
with the industry are listed below ; 

I. Finance & Control : It is effected by the Council 
of Management whieh is assisted by a number of Co- 
mmittees : 

Council of Management 

a. Executive-committee 

b. Technical committees 

i) Engineering sub-committee 

ii) Agricultural sub-committee 

iii) Economic Advisory sub-committee 

iv) Agricultural Chemicals Advi.sory sub-co- 
mmittee 

v) Tea 'Easting Advisory Panels : 

Tocklai 

Calcutta 

Gauhati 

London 

c. Scientific Advisor'y Committee in lieu of London 
Scientific committee since 1976. 

2. Technology Transfer : 'Ehis is the main activity 
of Tocklai. 'Eransfer of technology lakes place at di- 
fferent levels of plantation community by the following 
methods : 

a. Group Meetings 

'Eocklai Biennial Conference 

Biennial Joint Area Scientific Meet 

Area Scientific C'ommitlcc Meetings 

(quarterly meets of each of the 9 committees) 

Seminars 

Symposia 

Tea Ta.sting Se.ssions 
Special Seminar's 

b. Individual Visits 

Advisor'y routine visits 
Advi.sory special calls 
Specialist visits 

c. Training Courses and their annual frequency 

Field Management : 2 


Drainage : 3 

Economic* : 3 

Manufacture ( due to be revived next year) 

Work Study : 2 

Vegetative Propagation : 2 

One year course for 
junior executives : 1 

d. Publications 

Annual Scientific Report 

Two and A Bud (Half-yearly jour'nal) 

'Eea Encyclopaedia 
Memoranda (monographs) 

Confci'cnGe Proceedings 
Advisory Bulletins 
Special Bulletins 
Occa.ssional Papers 
Advisory Leaflets 

e. Others 

Borbhelta Experimental Station visits 
Clonal Pi'oving Stalilon/plots 
Opci'ational Research plots 
Estate trials/experiments 
Estate R & 1) scheme 
'Ecclmological Museum 
Correspondence 

3. Services ; Tocklai offers a number of services to 
its members, free of charge, 

a. Usual Services 

Soil testing 
Pesticide bioa.ssay 
Eelworm assc.s.snKnt 
Moisture metre calibration 

Identification of 
Pests 
Diseases 
Weeds 

Age diagonosis 
Tea tasting 
hastate visit reports 

b. Special Services 

Machine Design 
High Yielding varieties 
Clones 
Seed stocks 
Estate Project reports 
Techno Economic surveys 
District Selection scheme 
Estate Clone certification 
Trouble .shooting advice on mtnufacture 
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Senior Staff 

On the 31 St March 1979, the Senior Staff consisted 
of : 

Director 

Dr. N.K. Jain, M.Sc.Ag. (B.H.D.), Ph.D. 

(Illinois) 

Deputy Director 

Dr. P.C:. Shiirma, M.Sc. (B.H.U.), Ph.D (London), 

F.L.S. 

Adviser, T.R.A. 

19r. D.N. Barua, B.Sc. (Calcutta), Ph.D. (Cantab) 
Cost Adviser 

Mr. N.S. Venkatakrishnan, M.A. (Madras), LL.B., 

F.I.C.W,A. 

Directorate 

Adminislralion : 

Adininistrative Olheer 

(iroup Captain K.R. Copalan (Retd.) 

Assistant Administ ative Olheer 

Mr. B.S. Kotoky, B.A., LL.B. (Dibrugarli) 

Acco'jnls : 

Accounts Olheer : VACANd" 

Assistant Accounts Olheer 
Mr. H.N. Sinha, M.Com. 

Maintenance : 

Olhciating Station Ihigincer 

Dr. H.K. Barua, M.Tcch. (Structural Lagg.), 

Ph.D. (Kharagpur) 

Medical : 

Mt'dical Officer 

Dr. (Major) S.W. Rohnian, M.B.B.S. 
tAbrary & Publication : 

IJLrarian and Assistant Publication and Information 

Otfiecr 

Mr. J.N. Shanna, M.A. (Cauhati) 

Planning : 

Assistant Planning Olheer 

Mr. S. Acharya, B.Sc. (Agril Lngg. & Tech.), 
M. lech. (Inch Mgt.) (IIT Kharagpur) 

Advisory : 

Head of Department 

Dr. T.K. Ghosh, B.Sc. (Patna), Ph.D. (Cornell), 

Assoc. LA.R.I. 

Advisory Officer 

Dr. D.N. Chakrabarty, B.Sc. Ag. (B.H.U.), Ph.D. 

(Agronomy) (Moscow) 

Assistant Advisory Ollicer 

Dr. S. Basil, B.Sc. (Calcutta), M.Sc. Ag. (Cialcutta), 

Ph.D. (Calcutta) 

Upper Assam : 

Advisory Officer 

Mr. J. Chakravartec, M.Sc. Ag. (Gauhati) 


NoUh Bank : 

Advi.sory Olheers 

Mr. B.C. Barbora, M.Sc.Ag. (l.A.R.f.) 

Mr. B. Borthakur, M.Sc.Ag. (Gauhati) 

Cachar : 

Advisory Officer 

Mr. S.K. Sarkar, B.Sc. (Calcutta), B.Sc.Ag. 

(B.H.U.) 

Tripura : 

A.ssistant Advisory Olheer 
Mr. S.C. Dey 

Agronomy : 

Heatl of Department : 

Dr. F. Rahman, M.Sc. Ag. (Bihar), Ph.D. (I.A.R.L) 

Second Agroin^mist (Weed Control) 

Dr. V.S. Rao, M.Sc. Ag. (Osmania), Ph.D (Cornell) 

listare Manager 

Mr. A. Sahney, B.A. (Delhi) 

Soih & Meteorology : 

Head of Department : 

Mr. S.K. Dey, B.Sc. (Calcutta), Assoc., I.A.R.L 
Second Soil Scientist 

Dr. B. Singh, B. Fech. (Pant Nagar), M.Tcch. 
(I.A.R.L), Ph.D. (Newcastle) 

Assistant Soil Scientist 

Mr. N.G. Bhattacharj ‘c, B.Sc. (Calcutta) 
Assistant Soil Scientist —located at Nagrakata 
Sub-station. 

Botany : 

Head of D<‘part merit ; 

Dr. H.P. Be/.l)aruah, M.Sc., Ph.D. (Gauhati) 
Plant Physiologist 

Dr. P.N. Rustagi, B.Sc. (Hons), M.Sc., Ph.D. (Delhi) 
Second Plant Breeder 

Dr. I.D. Singh, M.Sc. Ag. (Agra), M.Sc. (Guelph), 

Ph.'), (Georgia) 

Assistant Plant Physiologists 

Mr. B.N. Gogoi, B.Sc. (Gauhati) 

Dr. L. Manivel, M.Sc.Ag. (Madras), Ph.D. (Cali- 
fornia) 

Entomology : 

Head of Department : 

Dr. B. Bancrjee, M.Sc. (Calcutta), M.S. (S. Illinois), 
Ph.D. (London), F.A.Z., F.R.F.S. (I..ondon) 
Assistant Ihitoinologist — located at Nagrakata 
Sub-station. 

Mycology : 

Head of Department : 

Dr. G. Satyanarayana, B.Sc. (Hons) (Andhra), 
Ph.D. (Madras), F.B.S., F.I.P.S. 
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C.S.l.R. Pool OfFiccr 

Dr. M.N. Venkataranianan, M.Sc., Ph.D. (Madras) 
Biochemistry : 

Assistant Biochemist (OBicer-in-cliarire) 

Dr. M.R. Ullah, M.Sc., Ph.D. (Gauhati) 

Assistant Biochemist 

Dr. P.K. Mahanla, M.Sc., (Gauhati), Ph.D.(Gauhati) 
located at C'.D.R.f., Lucknow. 

Tea Tasting : 

Tea Taster 

Mr. R.P. Basu located at Na,y[rakata Sub-station 
Second Tea Taster 

Mr. A.K. Das, B.A. (Gauhati) 

jEnpneering Research & Development : 

Head of Department : 

Mr. 'P.C:. Baruah, B.Sc. (Hons). (Gauhati), B.Sc. 
Mcch. PaiK- (B.H.U.), M.Sc. Mcch. Kng. (Man- 
chester) 

Assistant Re.search Engineer 

Mr. B.N.S. Rao, B.E., M.lVch. (IIT, Madras) 

.Statistics : 

Head of Department : 

Mr. A.K. Biswas, M.Sc. (Gauhati) 

Agricultural Economics : 

Agricultural luonomist 

Dr. R.C. Awasthi, M.Gom., LL.B., Ph.D. (Agra). 

Nagrakata Sub-Station 

I Vest Bengal 

Deputy Director 

Mr. S. Basu, B.Sc.Ag. (Hons). (Delhi), Assoc. 


Advi.sory OlTicer, Dooars 

Mr. B.G. Phukan, B.Sc.Ag. (Ciauhati), .X.T.l’.G. 

Assistant Advisory Officer, Dooars 

Mr. R. Das (iupta, B.Sc.Ag. (Ranchi), M.Sc. Ag. 

(Bhagalpur) 

Assistant Advisory Officer, Western Dooars & Terai 
Mr. A.K. Bhargava. M.Sc. (Agra) 

Advisory Officer, Darjeeling 

Mr. R. Padmanaban, B.Sc. Ag. (Madra.s) 

, Soils & Meteorologv : 

AsJiistant Soil Scientist 

Mr. A.K. Sengupta, B.Sc. (Hons). (Galculio) 

Entomologv : 

Assistant Entomologist 

Mr. N.S. Sengupta, B.Sc..\g. (Dacca) 

Tea Tasting : 

Tea Taster 

Mr. R.P. Basu 


SENIOR STAFF MATTERS 

Appointment 

Dr. P.Ch Sharrna, Senior Advisory Officer joined as 
Deputy Director on 1st April, 1978. 

Mr. B.N.S. Rao joined as Assistant Research Engineer 
on 1st June, 1978. 

Dr. I.D. Singh joined as Second Plant Breeder on 
28th June, 1978. 

Mr. A.K. Bhargava joined as Assistant Advisory Offi- 
cer on 1st July, 1978. 

Mr. H.N. Sinha Joined as Assistant Accounts Officer 
on 12th September, 1978. 

Dr. P.K. Mahanta joined as Assistant Biochemist in 
Tea Chemistry Scheme at CDRI, Lucknow on 28th 
November, 1978. 

Mr. S. Basu, Head, Advisory Department joined as 
Deputy Director on 1st January, 1979 at Nagrakata 
Sub-Station. 

Dr. r.K. Ghosh, Advisory Officer joined as Head, 
Advisory Department on 1st January, 1979. 

Dr. H.K. Barua joined as Olficiating Station Engineer 
on 1st January, 1979. 

Transfer 

Mr. R. Das Gupta, Assistant Advisory Officer has been 
transferred to 'Terai & Western Dooars Advisorv Branch 
in January, 1979. 

Retirement 

Mr. H. Mitra, Advisory Officer, West Bengal Advisory 
Department retired on 2f)th August, 1978. 

Mr. G.B. Singh, Station Engineer retired on olst 
Detember, 1978. 

Resignation 

Mr. S. Mazurndar, Accounts Officer resigned from 
Association’s s(‘rvice on 22nd February 1979. 

TRAINING & COURSES 

One year Training Course for Inservice 
Candidates 

1 St course — which began on 1.2.78 was completed 
on 31.1.79 with 8 successful trainees 
2nd course from 1.2.79 to 31.1.80 - 15 inservice 

trainees have been admitted 

Vegetative Propagation Training Course for 
supervisors 

1st course from 1.5.78 to 15.6.78 — 10 trainees 
2nd course from 1 . 1 0. 78 to 1 5. 1 1 . 78 — 10 trainees 

Surveying & Drainage Courses 

1st course from 18.12.78 to 22.12.78 — 22 members 
attended 

2nd course from 8.1.79 to 12.1.79 — 24 members 

attended 
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3r(l course from 22.1.79 to 26.1.79 — 23 members 

attended 

Field Management Course 

1st course from 11.9.78. to 14.9.78 — - 2f members 
attended 

2nd course from 18.9.78 to 21.9.78 — 26 members 

attended 

Planter’s Course on Tea Economics 

1st course from 3.10.78 to 5.10.78 — 17 members 

attended 

2nd course from 16.10.78 to 18.10.78 - 17 members 
attended. 

3rd course from 23.10.78 to 25.10.78 -- 32 members 
attended. 

VISITS 

d’lie Director attended the Bioloirical Coordination 
C Council meetin,i( held at Delhi on 20.4.78; ('ouncil of 
Management & lv\ecutive (Committee meeting held at 
Calcutta on 22.5.78; CSIR Director’s Conlerence held 
at Mysore on 2.6.78 and 3.6.78; Engineering Sub Co- 
mmittee meeting held at Calcutta on 14.6.78; Economic 
Advisory Committee meeting held at Calcutta on 15.6.78; 
(uSIR Coverning Body meeting held at New Delhi on 
19.6.78; Plantation (iroup of Ministry of Commerce 
meet at New Delhi on 20.6.78 ; CSI R Rural Technology 
'Transfer meeting held at New Delhi on 23.6.78; 
Rest'arch Liasion (’ommilt(‘e meeting ol' the 'Tea Board 
held at Nagrakata on 28.6.78; Shanli Swarooj) Bhat- 
nagar .Award Committee meeting of (!SIR held at 
New Delhi on 7.9.78; UFASI Sciimtific CV)nrer{‘nc(‘ & 
ACM held at Coonoor on 1 1.9.78 & 12.9.78; Ikxecutivc 
Committee meeting held at Calcutta on 16.11.78; 
Agricultural Sul) ( lommitt(‘e meeting held at ( lalcutta 
on 16.1 1.78; faigineering Sub Cdommittec' nu'eiing Indd 
at Calcutta on 17.11.78; .Annual Cc’ aal meeting ol’ 
'TR.A held at Calcutta on 27.12.78; Weed Science So- 
ciety ol India meeting held at Farbhani on 29.1.79. <S: 
30.1.79 also visited BARC Bombay and NCE Poona; 
Executive Committee meeting of 'ERA held at Calcutta 
on 15.3.79; Council of Management meeting of 'TR.A 
held at Cialcutta on 16.3.79 and R & D Management 
Course' at Staff College Hyderabad Irom 26.3.79 to 
30.3.79. 

Group visits were made to the following places 

Jalpaiguri to attend the TRA meeting on Green Eea 
Manufacture from 30.6.78 to 4.7.78 by Dr. P.Cf Shanna 
and Mr. .A, K. Das. 

Coonoor to attend the UPASI Scientific Conference 
& ACM from 11.9.78 to 12.9.78 by Dr. N.K. Jain, Mr. 
'T.C. Baruali, Dr. M R. Ullah and Mr. R.P. Basu. 

Darjeeling to attend A.S.C. Seminar “Operation 15 
quintals” by Dr. N.K. Jain, Dr. D.N. Barua, Mr. B. 
N.S. Rao, Mr. R. Padmanaban, Mr. S.K. Sarkar, 


Mr. B C. Pliukan, Mr. R.P. Basu, Mr. R. Dasgupta, 
from 13.9.78 to 17.9.78. 

Indonesia & Malaysia to study the lea rc.search and 
tea industry and also presented a paper on ‘Tea Industry- 
in North-East India’ at l ea Symposium II from 16.10.78 
to 30.10.78 by Dr. H.P. Bezbaruah and Mr. B.C. Barbora. 

New Delhi to attend the Potash Symposium from 
16.11.78 to 17.11.78 by Dr. F. Rahman and Mr. 
S.K. Dey. 

Calcutta to attend the Agricultural Sub-comrnittee 
meeting from 15.11.78 to 16.11.78 by Dr. N.K. Jain and 
Dr. F. Rahman. 

Calciilla to attend the AGM ol TRA on 27.12.78 by 
Dr. N.K. Jain and Dr. F. Rahman. 

Delhi to attend a Symposium on Plant & Animal 
Genetic Resources and present two papers on ‘Tea 
gerinplasin’ from 28.12.78 to 30.12.78 by Dr. H.P. Be/.- 
Baruah and Dr. l.D. Singh. 

Himaclial Pratlesh as TRA delegates from 18.1.79 
to 22.1.79 by Dr. F. Rahman & Mr. B. Sarronwala. 

(kilcutla to attend a Workshop on patenls-relurn or- 
ganised by the GSIR from 28.1.79 to 1.2.79 by Mr. 
B.N.S. Rao & Mr. M.N. Gogoi. 

Parbliani (Maharashtra) to attend the Weed Science 
Gonference from 29.1.79 to 31.1.79 by Dr. N.K. Jain, 
Dr. F. Rahman, Dr. V.S. Rao and Mr. R. Padmanaban. 

Kenya, Malawi & Mauritius to study the advances 
in tea research and the industry in general from 1 1.3.79 
to 31.3.79 l)y Dr. F. Rahman and Mr. S.K. Sarkar. 

Hyderabad to attend the R & D Management Gourse 
at Staff Gollcgc from 26.3.79 to 30.3.79 by Dr. N.K. Jain 
and Dr. B. Banerjee. 

Individual Visits 

Dr. D.N. Barua attended the Industry Seminar at 
Darjeeling from 13.9.78 to 17.9.78. 

Dr. (i. Salyanarayana attended Microbiology Gon- 
fenaice at Baro.la from 9.11.78 to 13.11,78 and visited 
B.A.R.C., Bombay from 14.11.78 to 16.11.78. 

Dr. B. Singh visited Water 'Technology Gentre at 
Delhi from 26.12.78 to 28.12.78; Haryana Agricultural 
University, Hissar from 29.12.78 to 2.1.79 and Soils & 
Water Gonservatioii Research and Training Gentre at 
Dehradun from 3.1.79 to 7.1.79. 

Mr. 'T.(J. Baruah attended Engineering Sub-commi- 
ttee meeting at Galcutta on 9.9.78; and vi.sitcd Port 
Engineering Works, Howrah to sec the porgress of works 
on cutter attacliment on 16.9.78. 

Mr. A.K. Biswas attended Ag-Economics Advisory 
Committee meeting at Calcutta from 14.6.78 to 15.6.78 
and visited Indian Statistical Institute and Regional 
Computer Centre at Calcutta from 12. 11.78 to 15.11.78. 
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Dr. R.C. Awasthi visited Poona to deliver a talk on 
Tea Finance in Agricultural Banking, Reserve Bank of 
India in July ’78; 'Fea Seminar at Darjeeling in May 
’78 and attended the Programme on Clost Clontrol or- 
ganised by Institute of Productivity at Lucknow in Sep- 
tember ’78. 

Mr. A.K. Das visited (lalculta to attend the Refresher 
Clourse from 17.12.78 to 30.12.78. 

Mr. A. Sahney visited Calcutta twice lor scrijU and 
editing of the film prepared by 'Focklai on a study ol the 
‘Plucking Metliods’ from 28.10.78 to 30.10.78 and from 
26.12.78 to 31.12.78. 

Mr. B.S. Kotoky attended the Sixtli Course on Ad- 
ministrative Management in R & D organised by CSIR 
at N.C.L., Poona from 3.6.78 to 21.6.78. 

Dr. I.l). Singh visited National Botanical Carden, 
Lucknow from 20.12.78 to 22.12.78; Indian Agri- 
cultural Research Institute, New Delhi on 26.12.78 and 
Delhi University on 27.12.78. 

Dr. P.N. Rustagi visited Delhi University; Indian 
Agricultural Research Institute from 26.12.78 to 
30.12.78; Bose Institute at Calcutta; UPASI, Madras, 
get-together of former DAAD scholars and I( <RISAT 
in Hyderabad from 15.2.79 to 2.3.79. He also attended 
the Seminar on ‘Physiological Basis of Crop Productivity 
and Harvesting Solar faiergy in Relation to Agricidtural 
Development at Aligarh Irom 16.3.79 to 24.3.79. 

Messrs S. Hussain & P C. Sharma, SSAs of Botany 
Department were on study leave and obtained their 
M.Sc. degree in Botany from (Liuhati University. 

Mr. K.K. Gohain, SSA of Soils & Meteorology 
Department is on study leave for M.Sc. in Physics 
at Dibrugarh University. 

Mr. J.C. Jain, SSA of Biochemistry Department 
was at Indian Institute of Science Bangalore for two 
months for a training in enzyrnology. 

Mr. (LG. Joshi, Documentation .\ssistant ol’ Libraiy 
& Publication Department is on study leave for M.Lib. 
Sc. at Gauhati University for one year. 

VISITORS 

The following scientists and distinguished persons 
visited 'Focklai during the year und(>r review : 

Mr. Roland Michaud, Paris, France. 

Mr. Robert 1 1. Dick, Chief Tea I'.xaminer, U.S.A. 

Mr. Stewart B. Dull, George Williamson & Co. Ltd., 
lairidon. 

Mr. John F. Gilbody, (ieorge Williamson & Co. !.td., 
Ix)iidon. 

Mr. K. Mishra, Deputy Chairman, lea Board, 
Calcutta. 


Dr. Jaswant Singh, Prof. & Head, Agric. Lngg. 
Department, IFF, Kharagpur. 

Mr. F.R. Wilson, Director, Assam Investments Ltd., 
London. 

Mr. B.S.V. Rao, Director, Automobile Research 
Association, Pune. 

Mr. J.A. I'hompson, British High Commissioner to 
India. 

Prof. M.R.M. Herbert of Building Research Station, 
U.K. 

Mr. R.L.. Perkins, American Consul (ieneral, Calcutta. 
Mr. & Dr. F.(L Ashworth, Department of History, 
Highheld University, U.K. 

Mr. M. Isa Darmawijaya, Plant Breeder, Research 
Institute for lea & Cinchona, Indonesia. 

Dr. K.C. Sahu, Prol’. & Head, Industrial Manage- 
ment Centre, IFF, Kharagpur. 

Mr. 'F. Balakrishnan, Jt. Secretary, Ministry of 
Commerce, New Delhi. 

Mr. M. Varadarajan, Jt. Secretary, Ministry of Pe- 
troleum Chemicals & Fertilizers, New Delhi. 

Prof. M.L. Dantwala, Former Chairman of Agri- 
cultural Prices Commission and now President, Indian 
Society of Agricultural Economists. 

Prof. V.S. Vyas, Director, Indian Institute of Ma- 
nagement, Ahmedabad. 

Prof. 'F.D.J. Nagabhushanam, Principal, Agricultural 
Clollege, Andhra Pradesh Agricultural University, A. P. 

Dr. S.L. Shah, Prof, of Ag. Economics, (j.B. Pant 
University. 

Dr. V.M. Vakhadc, Indian Society of Ag. Economics 
Dr. Ram Iqbal, Prof & Ag. Economist, C.S.A. 
Agricultural University, Kanpur. 

Dr. D.S. Sidhu, Prof & Head, Department of Econo- 
mic & Social Sciences, Punjab Agricultural University, 
l.udhiana. 

Mr. A. Bathrak, Overseas Development Institute, 
London. 

Mr. N .K. 'Fhingalaya, Cihief Economic Adviser, 
Syndicate Bank, Manipal. 

Mr. K. Singh, Department of Ag. Economics, Pan- 
tnagar. 

Mr. V.K. Duggal, Director, ITa Promotion, Sydney. 
Mr. P.G. Kochhar, A.F.G.D.E., Bangalore. 

Mr. E. Desmond Heath, (formerly Advisory Oll cer 
Tocklai now a. consultant) Gheslivc, U.K. 

Prof Dr. K. Hartke, West Germany. 

Mrs. H. Heine, West Germany. 

Dr. Y.S. Sadanandam, Scientist, R.R.L., Hyderabad. 
Dr. Robert F. Goheen, U.S. Ambassador to India. 
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Mr. Mohan Dharia, Minister of Commerce^ Ciovt. 
of India. 

Mr. Dulal Clhandra Baruah, Stale Minister of PWl), 
Supply & Jail, y\ssarii. 

Mr. Golap Chandra Barbora, Chief Minister, Assam. 

Mr. P.K. Kaul, Additional Secretary, Mini.stry of 
Commerce, Govt, of India, New Delhi. 

Mr. P.C. Mahendru, Assistant Director, National 
Physical Laboratory, New Delhi. 

Mr. K.S. Madappa, f^xecutor, F.fh & Figgis (P) lad.. 
Cochin. 

Mr. 11. R. Joesoef Argadipadia, Director, Production 
State Owned Fstale XII, Bandung, Indonesia. 

Mr. Bambang Wibow, Director, NV Tarnbi Wono- 
.sol)o, Indonesia. 

Dr. Hediyono, Senior Ollicial, Department of 'I'racle 
& Co-operatives, Indonesia. 

Dr. Haryono Semangun, Chairman, Indonesian 
'Fea Association, Bandung, Indonesia, 

Mr. (L L. Howard, d’ropical Products Institute 
London. 

Mr. K.R.M. Anthony, N.R. Fconomics & Manage- 
ment Adviser, Overseas Development Administration, 
liOndon. 

Mr. (LI). Gwycr, N.R. Fconomics & Management 
yVdviser, (Overseas Development Administration, 
1 ,oiidon. 


Mr. M. Lamond, Director, McLeod & CiO. Ltd., 
London, former Chairman, London Scientific Commi- 
ttee of TRA. 

Mr. Huska, Minister, Agriculture & Co-operative, 
Nagaland. 

Mr. K.S. Puri, Secretary (.Vgricultui'c), Nagaland. 

Mr. R. Kevichusa, Agricultural laigineer, Nagaland, 

Mrs. P.P. dVivedi, Agricultural Pnxluction Commi- 
ssioner, Govt, of Assam, Gauhali. 

Mr. A.L. Sethi, (ieneral Manager, iMnpire Singlo 
Tea Co. Ltd. 

Mr. H.W. Dikon, Director, Singlo Holdings, London. 

Mr. Jack Genia ol‘ Laws Surveys & Fnvironment, 
Papua New Guinea. 

Mr. Floyd Palialu, National Plantation Management 
Agency, Papua New Guinea. 

Dr. R.C. Bishnu, Scientist, Central Mechanical 
Engineering Research Institute, Durgapur. 

Mr. M.K. Bancrjee, Scientist, General McchanicaV 
Engineering Research Institute, Durgapur. 

Mr. Prakash Tandon, (diairrnan of the Govt, cf 
India Committee to study fea Marketing, and Director 
General, National Council of Applied Economic Re- 
search. 

Mr. B.K. Gosvvami, C’.hairman, Tea Board. 

Mr. J.R. (jlawville, Bandanga, Malawi. 

Brig. K.B. Narang, ESG, HC^ DRDG, New Delhi 

Lt. (ien. WH(j Pinto, Comdl., National Ddcnce 
College, New Delhi. 



BEibrarg auir ^ublicatiau 


General 

1 he ('eniral Library of 'Focklai Experimental Station 
supplied regularly books and other publications to each 
of’ the eleven departmental libraries at Tocklai and five 
out-station branch libraries. During the year 114 new 
l)ooks requisitioned by the Scientists ol'locklai and out- 
stations were added in the Library. Tocklai subscribed 
for 144 journals, Indian and foreign and discontinued 4 
journals. Besides these 10.') journals were received in 
exchange of T ocklai public ations and on free basis. 

T he post of Lataloguer has been filled up in the month 
of September, 1078. 


Library Statistics 

T’he following were received in the Library during the 
year under review : 


Periodicals & journals on subscription .. 
Periodicals & journals on free & 

910 Issues 

exchange 

403 Issues 

Pamphlets & Bulletins 

580 

Nos. 

Photocopies 

7 

Nos. 

Reprints 

18 

Nos. 

Map 

1 

No. 

Publications consulted in library 

4100 

Nos. 

Publications i.ssued to departments 

2339 

Nos. 

Publications received back from depis. .. 
journal volumes f)ound during tlie 

1633 

Nos. 

year 

160 

Nos. 


Library Service 

Besides serving the Scientists of the Station, Library 
services are being regularly offered to persons not connec- 
ted with Tocklai. Post Ciraduatc Students from Assam 
Agricultural University, Jorhat; Engineering College, 
Jorhat; Honours students of local Science Colleges; Stu- 
dents from H.R.H. Prince of Wales Ihigineering Institute, 
Jorhat have used the Library throughout the year. 
Scicnti.sts from Regional Research Laboratory, Jorhat; 
Persons from Department of Agricidture, (iovt. of Assam; 
several Lecturers from J.B. College, jorhat; Bahona 
College, Jorhat also used the Library. One Year Tra- 
iness, V.P. Trainess from E.R.A. member estates have 
also utilized the Library facilities throughout the year. 

A few Scientists from out-side e.g. National Physical 
Laboratory, Delhi; I.I.T. Kharagpur; who were in search 
of literature & bibliographic help, also used the library. 

Dc»ciimentation & Information 

This section of this department has shown remarkable 
activity throughout the year under review. A monthly 
Accession List, showing the titles of publications received 


by the Library is published regularly. In all six Biblio- 
graphical lists containing selected articles covering all 
the subject fields of interest of the Station from the jour- 
nals and Periodicals received throughout the year were 
circulated to all departments of Tocklai and out-stations. 
Besitles these, half-yearly 'Bulletin of Documentation on 
Tea’ carrying abstracts of important scientific articles 
on tea published in the journals & Periodicals received 
by the Library was also circulated. 

B<x)ks procured by the Library are catalogued in cards 
readily accessible to clientele of the Library under the 
{Subject, Title and Author) three main possible approa- 
ches, and now arc in use. 

A bibliograpliical index of journal and Periodical 
holding of the Library since its inception is being pre- 
pared and will be published and circulated in due course. 

News Paper cuttings relating to Tea and other impor- 
tant topics are being continued and information fdcs 
increased during the year. Various reference questions 
were answered regarding Tea TYade and Industry satis- 
fying the quarics made by Scientists of the Station and 
from out-side. 

The bibliography of Pea is also made ready for use in 
the card cabinet and regular charging of it is being con- 
tinued throughout the year. 

Bibliographies on other subjects are taken in hand. 

An index of articles on tea published in T wo and A 
Bud is prepared. 

PUBLICATION 

T’hc following publications were i.ssucd from Tocklai 
during the year. 

1. (a) Two & A Bud, Vol. 25, Nos. 1 & 2. 

(b) ’1 ocklai News, Nos. 7 & B. 

2. Tea Encyclopaedia Serials 

(a) No. 48/2 Ciontrol of Red Slug Ckiterpillar 

(revised), 

(b) No, 53/4 Medium Pruning. (revised) 

(c) No. 106/1 Ilelopdtis theivora Waterh. (Tea 

Helopeltis) (revised) 

(d) No. 110/4 Compatibility of Insecticides, Acari- 

cides Fungicides and Nutrients co- 
mmonly u.scd in Tea. (revised) 

(c) No. 161/1 Scarlet Mite. (revised) 

(f) No. 167/1 Biology and Control of Cockchafer, 
(revised) 
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(p) No. 195 Lymantriid C-aterpillars. (revised) 

(h) No. 196 Deep, Medium, Light and Level 

Skiffs. (revised) 

3. Advisory Leaflet 

(a) No. 11 Shot-Hole Borer in 'Lea ; A warning 
Note by — B. Banerjee. 

4. Advisory Bulletin 

(a) No. 9 Toxicity symptoms of commonly 

used Herbicides on 'l ea by — V.S. Rao. 

-5. Special Bulletin 

(a) No. 2 Soil ( londilions and Rainfall Dis- 

tribution of Dibiugarh Tea District. 
(Moran, Difjrugarh, Panitola, Na- 


horkatia & dingrai Part ) by — P. 
Ghosh, R.C. Chakravarty, K. K. 
Gohain and S.K. Dey. 

6 . Other Reports 

(a) Annual Scientific Report for 1977-78. 

(b) I’.nginecring Research & Development Depart- 
ment Quarterly Reports for quarter ending 30th 
June, 30tli Sept, 31st Dec. 1978 and 3 1st March, 
1979. (cyclostyled) . 

(c) Ck)ntribution of Tocklai Kxperimental Station 
to the Tea Industry of North-Last India, 

(cyclostyled) . 
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Highlights 

7 here is a widespread consciousness and interest to participate 
more and more in di/ferent Area Scientific Committee meetings 
and Simiinars. 

Due to the present need for the recent field management prac- 
tices, active participation in these courses from the member gardens 
has increased recentlv^ 

With the enrolment of more number of member estates, the 
Advisory Of icers had to help in drawing out in details, the annual 
programme and take up the follow-up actions, specially in the 
underdeveloped estates. 

More emphasis was given by the planters for pump drainage 
project in problem areas, tvhich indicates a progressive attitude 
towards sophisticated drainage system to come into bearing. 

Dud grafting has been taken into consideration as the most 
effective tool for quick multiplication of clones. 

The Clonal Proving Station in Darjeeling helped the release 
of dijferenl clmes suitable for that region. 

In many member estates, eagerness has developed to establish 
their own 'seed bard Jor production of recent introductions of 
bi-clonal seeds from Tocklai. 

From estate experiments it is becoming clear that balanced 
fertilizer in relation to specific soil and climate would be more 
appropriate. 

General 

Oiu* of the main functions of this Department lias 
been to advise tin* member estates regidarly whenever 
there has been any problem in the held management 
practices. With the enrolment of new members in the 
recent years, it has become necessary to go into details 
of pruning, manuring and other items of management 
and in many cases the Advisory Othcers has to help in 
drawing out the annual programme and take ibllow up 
measures. 'I’he demand for this type of services has been 
increasing and appointments are being made in a phased 
manner to raise the strength of Advisory Olhcers. 

Advisory visits 

Personalised service through advisory visits is the dis- 
tinctive feature of Tocklai to its members. Inspite of 
strain on its resources, every attempt is being made to 
maintain this personalised service. 'Fhe comparative 
advisory visits are shown in Table 2.01. 

Area Scientific Committee Meetings 

As tlie primary forum of group di.scussions, scientific 
committee meetings have become increasingly popular 
which is evident from the data in 'fable 2.02. The num- 
ber of Tocklai OlHcers is also C|uite large at these meetings. 


Table 2.01. Details of Advisory visits paid in the member estates durim^ 
1977-7H and 1978-79 


District 

No. of visits 
paid during 

,No. of 
estates 
during 

member 

visited 

Total numl)er of 
member estates 
during 


1977 78 

1978 79 

1977-78 

1978 79 

1977-78 

1978 79 

.South Bank 
(includincj 
Up|>«T 
Assam ) 

595 

452 

305 

302 

353 

3t)2 

North liank 

18:^ 

230 

77 

91 

94 

93 

Clachar 

(inrliidinci 

Tripura) 


275 

70 

80 

88 

87 

Dooars 

395 

271 

109 

107 

125 

124 

IVrai 

1G5 

135 

3h 

38 

3b 

11 

Darjeeling 
(int ludirjg 
.Sikkim) 

131 

178 

()8 

75 

75 

80 

Total : 

I()31 

1541 

071 

T)99 

771 

787 


Table 2.02. Number of .f.Sb Aleetirif’s sfunriny, total number of planters 
and Tocklai OJfieers attended 


■ - - — 

— 







No. of persons 



at lend (xl 


.\rea 

Dale 






Tlanlers 

Tocklai 




Officers 

South Hank (Assam) Hast (1) 

29.7.78 

65 

5 


7.11.78 

108 


South Bank (Assam) Central (2) 

15.5.78 

39 

8 


9.8.78 

43 

5 


30.11.78 

33 

5 

Joint Meeting of ,\11 .Areas 

28-30.9.78 

152 

23 

.South Bank (Assam) West (3) 

3.4.78 

■12 

6 


4.8.78 

39 

9 


4.12.78 

155 

7 

North Bank (A.ssam) Hast 

2fi.3.79 

19 

3 

North Bank (.Assam) West 

30.3.79 

23 

4 

Combined Meeting of 

25.11.78 

29 

2 

North Bank Hast & West 




Cachar 

30.6.78 

103 

(i 


19.10.78 

111 

4 

Dooars 

15.5.78 

105 

10 


16.8.78 

102 

7 


23. 10.78 

66 

() 

Terai 

17.5.78 

29 

13 


17.8.78 

31 

6 


6.12.78 

•14 

4 

I3arje(4ing 

19.5.78 

55 

5 

. 

5.7.78 

It) 

1 

Willi the area scientific 

committee 

meetings, 

, open 

.se.ssions were also held for the planters of the area 

to dis- 


cuss the local problems and these were well attended. 
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Joint Area Scientific Committee Meeting held at 
Moran, Dibrugarh and Panitola from 28th to 30th 
September 

Area 2 of Upper Assam (covering Moran, Dibrm^arh 
and Panitola) hosted the Joint Area Scientific Uoinmiltce 
Meeting during the period 28th to 30th September, 1978. 

Organised attempts to solve various problems in this 
high yielding high quality tea producing area, the pro- 
gress made so far in respect of peculiar drainage problem, 
cultural practices, growing high yielding teas, raising 
large good clonal nurseries, establishing micro seed bari, 
reclamation of marginal land (in respect of drainage) 
for tea planting, b id grafting as a technique of clonal 
multiplication, the success of enclosed withering through, 
performance ofTocklai Uontinuous Fermenting machine, 
pumped drainage project, green tea manufacture-Ja- 
panese way, erosion control measures etc., were the high- 
lights of this three -day convention where, besides plan- 
ters ol' this region, about 150 planters and scientists from 
North East and South India assembled for tliscussion. 

Seminars 

ddic details of seminars held during 1978-79 are given 
in Table 2.03. 

Table 2.03. TiUes of seminar in dijfi'rent areui 


Area Date Sul)ject 


.Sdulh Bank East 

29 July 1978 

Plant Protection 


7 Nov. 1978 

Engineering & Manu- 
facture 

South Bank Clrnlral 

l.'i May 1978 

Plant Protection 


9 Aug. 1978 

Engineering & Manu- 
facture 


30 Nov. 1978 

Agriculture, Botany & 
Soil Science 

South Bank West 

3 April 1978 

Engineering & Manu- 
facture 


4 Aug. 1978 

Agriculture, Botany & 
Soil Science 


14 Dec. 1978 

Plant Protection 

North Bank East 

26 Mar. 1979 

Plant Protection 

North Bank West 

30 Mar. 1979 

Plant Protection 

North Bank E & W. 

21-24 Aug. 1978 

Engineering & Manu- 
facture 

Cachar 

30 June 1978 

Agriculture, Botany & 
Soil Science- 


19 Oct. 1978 

Engineering & Manu- 
facture 

Dooars 

15 May 1978 

Agriculture, Botany & 
Soil Science 


16 Aug. 1978 

Plant Protection 


23 Oct. 1978 

Engineering & Manu- 
facture 

Tcrai 

17 May 1978 

Agriculture, Botany & 
Soil Scicnce 


17 Aug. 1978 

Plant Protection 

Darjeeling 

6 Dec. 1978 

Drainage 

9 May 1978 

Production 


15-16 Sep. 1978 

“Operation 15 Qtl.s.” 


23 Mar. 1979 

Engineering & Manu- 
facture 


8 -9 Dec. 1978 

Two one-day seminar for 
planters on : 

1 ) Drainage and ronscr- 


vation practice 
2) Young tea manage- 
ment and l)ud grafting 


Lecture Courses 

'Fhe following courses were organized by Advisory 
Department at Tocklai, apart from those held by Agri- 
tural Economic i and Agronomy Departments, with the 
help of Specialists from other Departments. 

Field Management : 2 Courses (each of 4 days’ dura- 
tion). Eiiese courses were run earlier but 
these were diseontinued over a decade. 
However, of late, as new development in the 
field management have been achieved and 
many new incumbents have joined the tea 
industry, it was felt necessary to rc-start 
these courses from 1976, and during the year 
44 planters attended. 

Surveying & Drainage : 3 Courses (each of 5 days* 
duration). 

These courses have been run since 1958 and 
this year 63 planters attended. 

Distribution of cuttings 

The details of distribution of cuttings, generative clones 
and seeds from d ocklai (Borbhetta) and various out- 
stations to member estates are given in Table 2.04. 

Table 2.04. Distribution of cuttings, scions, generative clones and seeds 



from Tocklai and outstations 



Outsta- 

V. P. 

Scions 

Genera- 

( ienera- 

Seeds in 

tions 

cuttings 


tive 

tivr 

in kg 




cuttings 

scions 


South Bank 

17,4<'),669 

1,410 

24,414 

830 

500 

North Bank 

1,40,750 

1,140 






(lachar 

2,27,785 

— 

— 



I.4ooars & 
'I’erai 

3,01,055 

920 

17,675 

510 


Total : 

24,16,259 

3,470 

42,039 

1,370 

500 


Experiments 

Tlie following experiments were in progress in Nagra- 
kata Sub-Station : 

1) D. 48 : Nitrogen response to different clones. Six: 

Tocklai release clones viz. TV 1, TV 9, 
TV 11, TV 12, TV 16 and TV 18 with 4 
different levels of nitrogen viz. 100, 200, 
300 and 300 kg N/ha plus 150 kg P2O5 plus 
150 kg KjO/ha were included in this trial. 

Clone TV 12 produced significantly 
higher yield over other clones followed by 
clone d'V 16, but there was no significant 
difference between TV 12 and TV 16 
Manurial treatments failed to show any 
significant superiority in 1977. However, 
TV 12 under 300 kg N, 150 kg P^Oj and 
150 kg KjO per hectare produced the high- 
est yield. 

2) D. 61 : Agricultural trial with different clones. 

Eleven Tocklai release clones, Stock 203 
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and one Mid done viz. I V 1, I’V 4, 'EV 7, 
rv 8, 4 V 9, TV 10, TV II, I’V 12, I’V 14, 
’IV 16 and 'I'V 17 and NG/r)/79 
(Mai t:lon(‘), Slock 209 were included in 
this (rial. 

In 1977, rv 17 produced signilicanlly 
the hii^’hest crop ovc'r all the other (lories 
exce|)t TV 14, 4'V 12 and 4'V I anion.<ifst 
which there: were no siiruificant din'erence 
in yield. 

3) 1). 62 : New Agricultural trial with dilFerent clo- 

nes. Six Focklai releas(‘ clones viz. I V 1, 
4 V 9, I'V 17, 4’V 18, IV 19 and I’V 20, 
Stock 209 and otlu'r 8 non-rel(‘ase clones 
wen* also inclndc'd in this trial (i*arrnark(‘d 
(or I'utviK* release*). 

In 1978, clone IV 1!) produced signi- 
ficant ly the highest crop over all the oth(*r 
clones. 4 V' 19 was followed liy clones 4’V 
20, I’V 17, 4’V 18 and B/f)/()9 (non-releas(*d 
clone j, which had no signKicant diderence 
amongst them. 

4) D. 77 : S|)iicing trial (Fan dcsi<>n) 

4 his tiial was laid out in the year 1977/78 
to study the effect of s[}acing with c lone 
4V 1 with 22 different spacings varying 
from 90 cm x 90 cm to 120 cm x 120 cm. 

5) D. 212 : Biclonal Stock trial 

Sewen stocks Viz 460, 461, 462, 469, 164, 
449 (already refcasc'd), 978 (released for 
Darjeeling estates) and clone 4'V 1 were 
incluch'd m this trial 

Fn m yield and (juality trend, one 
Stock, 44S 462 appears to be promising and 
likely to he* released in near future. 

Clonal Proving Station (Darjeeling) 

One more clone viz. 4’S 989 was selected for release 

to the industry. During the year 700 sample*s were 
manulactured for evaluation of e|uality. I'rial '“IV was 
handed over to the manage men t of (ling I’.Ix after 
taking all observations recpiired. Fight new clones 
were planted out during the year. 4h{*se arc : 

1. T. 24 

2. HV. 39 

3. P. 1258 

4. T. 1 

5. B4'/6/8/117 

6. BT/22A/81 

7. Sundaram 

8. TKV. 1 

Research & Development Scheme 

The research and development scheme for industry’s 
participation initiated a few years ago, has been conti- 


nuing. Oradually a number of compani(*s/estates are 
coming forward and are showing eagerness to try out 
certain possibilities under their own conditions and de- 
cide the best treatm(*nts for themselves. Under this 
scheme experiments have been started in lifleen estates. 
4’he vital role of selecting out the treatments, site selec- 
tion, imposition of treatments, coordination and analysis 
of data, is still being done from 4’oeklai. 4’he rc'sults 
are given under estate* experim(*nls where die data of 
(‘xperinients from cooperating estates have been analysed 
in combination with tliose of similar c‘x])(*riineiils from 
other estate trials. 

COMMEN I S ON SOME AGRruUi;! UKAE PRA- 
GTlCiiS 

Land Planning and Drainage 

While lU’opcr land planning and drainage* coatinu(‘(l 
to be adopted by larger number of estat(*s, pump drainage 
.sysl(‘m, parlicailarly wherever outfall is r(*slriclel, 
to be gaining ground. Although tiie initial inv(*stm('nt 
on this system is high, thanks to the S(‘minars, Area 
8ci(‘niilie ( .'onuniltee and Joint Area Seic'ntifie ( ;oannilt(*e 
ni(*etings, them* is a g’'cater r(*alisation that ll.e amount 
initially spe'iil on this project is ddinitely worthwhile and 
llu* return is manifold. 

With die opening (f the 4’ripura Advi.sory (4(*nlre die 
estate's in 4’ripnra had for tlie I'l’st tinu* the beaeat of 
und(*rstanding the tnagnitiuf* of' t!ie (bMinagr* prr 'de u 
and realisation ol tiie advantag(*s aeeruing from lev! 
planning and eoricei drainage* system. 

Whil(* oulK‘1 has been a greater problem in most of 
the otlier parts, the need for the conservations of soil and 
guided disposal ol surplus surfua* vv.ilci’ has been wadi 
understood by the Darjeeling estates. It is heart(*ning 
to I’eport that apart from other standard methods of soil 
and wate.' conservation piaictice:-;, filanting of’ Gnat ‘mala 
grass and Mimosa was taken up by many estates ol‘ 
Darj(X*ling. 

Pruning Cycle 

4’he Advisory Oflicers during their routine visits, have 
been explaining to the management that one standaral 
pruning cycle for the entire estate may not be suitable. 

4 here is a trend to reduce the cycle from 4/5 years to a 
compai'ativcly shorter one. From the discussions it 
app(*ars that this is a result of the quality conscious mar- 
ket as well as recurrent failure of the lighter f’orrns of 
.skiff to yield more early crop due to droughty conditions. 

4'hc iiaiportaiace of lowering the height of the perma- 
neiat frame at the rate of around 4 to 5 perceiat annually 
had afso been emphasised. 

R(^ports of die-back after pruning/skiffing have bccri 
received from many areas. It has been felt that in more 
recent years plucking has been continued even until 
December and in many cases pruning/skiiring started 
immediately after cessation of plucking. It is possible 
that the starch reserves in the roots were not adequate 
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and ihercdbrc the estates are now being advised to resl 
the bushes bel'orc priming. 

Rejuvenation 

Rejuvenation pruning has been taken up by estates in 
all areas. A general experience has been that ngii vena- 
tion pruning below 47) cm from the ground is bi‘tter 
avoided to re luee t!ie chances of higher mortality. The 
dirt'ct benehts from rejuvenation pruning started showing 
no only after 3/4 yiairs depending on the recovery of the 
pruned luishes and the successful implementation of 
associate 1 measun's like drainage, shade etc. In some 
eases incr-' i'n; in yield aouind 20'*,, was obse.'ved in th(“ 
4th year aft'-r ])runing and intilling. Subsefjiuaitly from 
trie ()th year (he yield increase has l)cen around 3") 
per cent. 

Howevaag in som<‘ cases rejuvamation pruning lias 
laile.l to show good resulis. ddie main causes oi' lailure 
have be«' i due to pruning at a tim(‘ when the staiadi 
reserve' has bcc'u inadcepiate, followetl by laihu\‘ oi 
planting out shade', lailure ol early rains e*.e. Us'.* ol 

uiidersi/ed plants for inlilling and lack ol pr )per 
maintenance of the infills also contributed towards its 
failure' in sonu' case's. 

In Darjeeling re'juvi'natiein jiruning has at last be'en 
taken up in lb e'slates and is an accepted field mauage- 
nu'iit practice tor the Ix'uelit eil eild tea. 1 he lea Bond 
gives a subsidy feir re'juve'nation only in hilly areas ol 
Darjeeding in N.lh India. 

Infilling in mature, rcjuvcnate'fl or medium pruned 
lea has bce'u take'ii up with care liy a limited n nnlie'r e>l 
companics/estat(‘s. I here is howe'vcr a tcmh'ucy as well 
to iiilill some eil the yei anger le'as whene'V'cr estr.i plants 
are available*. 

Yoriis^ Tea 

In .Assam, partic ularly in the South B mk, vvln're 
e;lrought is not very s 'verc, p egging of young tea has b ’'*n 
inereasingly jiractised. It has been o'ose-rve 1 diat lien- 
ding of tlie plants could be dearie seion after they w'cre 
established on the gorimd. Sulasequent pegging, only 
when the lat(*rals attained the height of not le'ss than 
40 to 50 cm, had given better result, ddie other main 
observation has been that the primaries arising from the 
base of the pegged branches and/or below the initial bend, 
were more vigorous than the ones arising from centre or 
the periphery of the pegged branches. To obviate this 
differential gr'owth, it has been suggested that the centi'al 
branches could be suppressed at around 30 to 35 cm from 
the ground, while the other's are allowed to I'cach the 
predetermined height. The table is then formed at a 
suitable height and the frame is finally formed with subse- 
c^uent frame forming prune etc. In areas where planting 
has been delayed until about the cold weather and/or 
where the starch reserve has not been fully sufficient to 
take the prune, long pruning had given better result. 


Ill other areas where due to di'oughty conditions or 
wdiere ti'a wais jilantc'd in stoney, lighter texture soil, 
pegging has been discouraged jirimarily due to heavy 
scori'hing observi'd in those* areas and liigh moitality 
after |)egging. In such places deccutering and pruning 
followed by frame forming prune at a suitable time was 
sviggeste 1. In more* jirogressive co’ici'rns, where the held 
managemeiil pra'.'tic *; have been in lint lined in a higher 
Stan 1 urd, a |)Ojnil it ion Ix'twc'cn 1 f,()3d to If), Odd p(*r 
li(*:t ire has been fa vo a re 1, whili* in oth rr (‘stales higln'r 
population has been the normal practice. 

Planting 

I'iXteiision planting, wlu‘revi*r land is available has 
been given top priority. I'he rate ol replanting in most: 
eas(‘s still ri'niains bt'low 2 per ei'iit. 

I Jn d(*rsi/. *1 planting pits arc* still com non. In addi- 
tion, tin* t 'll f'aey to j)1 ant the clonal j^l ants somewhat 
d('('|x*r has b (‘a observed. I n areas with heavy or stoney 
snb-soil treat h-planting has bet'ii advocated. In majo- 
rity of tin* estates the reconnnen l(*d dose of siiperphos- 
phate and e ilile man ire or compost has b 'cn applied. 

Mulching 

Mulching ol young tea which was very wid(*ly pr.ic- 
tised (firing tin* 1 ist few y(*ars appears to be on the dee- 
liiK*. lh(* K'asons could lx* (Ij the rising (’ost of miil- 
ehing; and (2) non- ivailability of rnalerial, particularly 
due to larger area being planted within a year. Inspiti^ 
of tlu'se (liflieiilties it has been stnessed tint mulching h 
cxtr("n(*ly (*ss(*ntial. 

Vegetative propagation 

I’hc .Advisory Oilicers consistently harnm rred on tlu* 
ne(*d ol keej)ing the side walls ol t’ae overhead n ir.series 
until such time licit the drought was definitely over. 
It w is also pointed out that rooted enttings are better 
not |)1 rated in (h'onght. 1 1 ilf leaf cuttings were sueeess- 
fully propagated on a large scab* in some estates. 

Vd'getative propagation appears to have taken a good 
start in l)arj(a*hng district as well. It is estimated that 
about 6 inilhon cuttings were alri'.idy planted in the 
n irsery wliile preparations were on for more to go in 
tir- next yeir. 

Special attention was pai l to mike bud grafting more 
popular for future vegetative propagation in Darjeeling 
and a seminar was also conducted on the subject. 

Seed 

Folkawing the Joint Area Scientific (Committee meeting 
in Area 2 where the need for establishing bicdonal seed 
baris in each estate was emphasised, there has been more 
awareness to follow the scheme wherever this is possible. 
The estates are being cautioned about supply of spurious 
biclonal seeds by some suppliers and are being requested 
to buy seeds from registered growers only. 
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Heavy demand for Nandadevi seed in Darjeeling 
continued. Most of the seed and clonal plants arc 
being used for infilling in Darjeeling. 

Phosphate and Potash manuring 

Application of phosphate and potash mostly continued 
as in the previous yeai'S except that in some areas like 
Cachar phosphate could not be applied due to non- 
availability of phosphatic fertilizer. Use of Rock-phos- 
phate has been gaining popularity. 

In the Dooars estates have started applying potash 
at the rate of 60 to 100 kg KjO per hectare on the basis 
of soil analysis and in some cases autumn application 
of pota.sh is also being tried. 

Spraying of Micro nutrients and other elements 

Zinc sulphate has been tried by a number of estates 
in the North and South Banks of Assam and in the Dooars. 
Jn Assam as well as in the Dooars some estates, however, 
preferred to wait until the results of micro-nutrient trials 
started by Tocklai are available. Reduction in the use 
of commercial micro nutrient mixtures by estates has 
been noticed. 

Manuring of Young Tea 

Liberal manuring of young tea continued with 2:1:2 
or 2:1 :3 mixtures depending on the pota.sh status of 
the soil. This young tea manure mixture was applied 
at the rate of 90 to 120 kg nitrogen per hectare during 
the iirst and the second year and were raised upto 130 to 
140 kg during 3rd and the 4th year in the South Bank, 
particularly where the yield progesion receiving liberal 
manuring was siitisfactoi7. During the first three years 
the fertilisers were applied in 3 to 4 splits depending on 
the availability of labour and the start of manuring in 
the year. Cases of over-manuring were also observed 
where the bushes were dying and at other places morta- 
lity was observed due to manure injury at the collar rc- 
gion. 

In some areas like lYipura, young tea was manured 
with NPK mixture at equal proportions. However, 
from 1978 season introduction of YTD manure mixture 
in the estates was initiated. 

Weed Control 

Use of Sirna/ine as pre -emergent herbicide in newly 
planted sections was popular as well as effective. The 
Gramoxone/2,4-D cocktail was used more extensively 
and many estates have tended to go for even Karmex 
with good results. Thatch has, however, been dillicult 
to control with Gramoxone alone, particularly in young 
tea where Dalapon could not be used. And the estates 
have been hopefully wating for Glyphosate (Round up) 
to be available dung the coming year. Although ma- 
nual cultivation particularly in mature tea was still being 
|>ractised by some estates, in most of the estates where 


herbicide programme was taken up with interest, chee- 
ling was discouraged unless the soil was too compact. 

Shade 

A good number of estates are almost entirely shaded 
by Albizzid odoratissirna, the choice of suitable shade trees 
being limited. Introduction of new shade trees is eagerly 
awaited. 

The estates were being advised to u.sc a mixture of 
at least three four species, the others being A» lebbek, 
Denis robusta, Acacia lenticularis and even Albizzia 
chinensis. 

In Darjeeling Sesbania sinerescences proved successful 
both at low and medium elevations and its seeds could 
be planted in situ with advantage. Wind damage was 
however high due to soft branches. 

Pest Control 

Moderate to severe incidence of thrips, red spider and 
scarlet mite in tlu' early season was experienced in 
North Bank, Tripura, Dooars, I’crai and Darjeeling. 
Incidence of pests were low in South Bank. By and large 
planters used pesticides well in time, which prevented 
outbreak of some of the major pests. 

Loopers were prevalent in the North Bank and Terai. 
The need of more effective sprayers has been increa- 
singly felt by planters in all areas. 

Disease Control 

Red Rust continued to be a dominating disease. 
Black Rot incidence has been lower, due to avoiding un- 
prune/skifi' in the affected areas and regidar spraying. 
Red Root Rot was again found in South Bank. 

A root splitting disease was recorded in two more 
estates in Darjeeling. 

Blister blight attack was at its normal level ol incidence 
in Darjeeling and less than previous year in Terai. 

Soil fumigation against primary root diseases has been 
resorted to in limited number of gardens. 

Officers and Staff postings/transfers/rctirements 

Dr. P.G. Sharma, retired as Head, Advisory Depart- 
ment and Mr. S. Basu took over as Head with effect from 
1st April, 1978. On his promotion to the post of Deputy- 
Director, Nagrakata, he handed over the charge of this 
Department to Dr. 4\K. Ghosh on 1st January 1979. 
Mr. H. Mitra, Advisory Officer, West Bengal retired on 
26th August. The following transfers were effected ; 
Mr. B.C. Barbora - From Dooars to North 
Bank in January 1979. 

Mr. B. Borthakur — - From South Bank to North 

Bank in July 1978. 

Mr. B.C. Phukan — From Terai to Dooars in 
December, 1978. 

The following postings were made : 

Dr. D.N. Chakraborty — Advisory Officer, South 

Bank in July 1978. 
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Mr. R. Das Gupta - Asst. Advisory Ofriccr, 

Dooars in January 1979. 

Mr. A.K. Bhargava was appointed as Asst. Advisory 
Ollicer in July 1978 and posted at'Ferai in February 1979. 

Dr. S. Basu, who remained associated with Agronomy 
Department, is likely to return to this Department with 
effect I'rom April 1979. 

1 he following members ol' the staff were appointed 
during the year : 

Sri Dulal (di. Dutta as l-'icld Assistant in Upper Assam. 

Sri Kalyan Kr. Bhattacharyya as Field Asst, in 

Nagrakala. 

Sri Ajit Krishna Das as Accounts Asst, in Nagrakala. 

Sri Nirmal Kausa Banik as Accounts Asst, in 'Fripura. 

Sri Bidhan Gh. Saikia as Accounts Asst, in North Bank. 

Sri S.N. Misra as Glerk Typist in Nagrakata. 

Miss Rani Goldsmith as Museum Attendant at Tocklai. 


Sri B.K. Hazarika, Field Assistant, posted at Dikom, 
resigned with ellect from 1st September, 1978. 

Estate Experiments 

As in the previous years, the estate e.\periinent were 
continued by this Department in various estates of North- 
Fast India. It has become incivasingly clear that re- 
gional recommendations will (low out from these experi- 
ments, conducted under dilfereiit agro-climatic regions. 

'Fhe treatments of the new .series of e.xperinients on 
inicronulrients, initiat(‘d last year, were imposed and are 
intended to be continued further. 

Some oi the experiments e.g. comparison of different 
systems ol' plucking, foliar application of zinc etc were 
completed and the combined analyses ol' the results are 
in progress. The trends show that apart from some co- 
mmon findings there may be some dilferential response 
to the treatments in different regions. 



Summaries of a few interestin'^ experiments conducted 
by this Department are given below : 


l.(a) Plucking Experiments 

Eight experiments, two in South Bank, one in 
North Bank, two in C'aehar and three in the Dooars, 
were initiated in 1974 to compare the yield from 'l\ 
(Black plucking) and 'Vj (Standard plucking) under 
different types of pruning. In 1978, pruning treatments 
included (unprune), M 2 (prune), M 3 (deep skiff) 
and M 4 (medium .skiff). 


(i) Assam South Bank Experiments (As.l26 & 
As. 133) 

Two experiments, one each in Nahortoli and 
Lohpohia Tea Estates, were conducted in the South 
Bank. The results are presented in Table 2.05. 


Table 2.05. Yield KMTH* of 1978 under Black and Standard Plucking 
systems in South Bank Experiments 


Experi- Plucking Unpnine Light Deep Medium Mean 
menl No. treatment prune skiff skiff 


Black 1532 860 1288 1352 1258 

Plucking 

Standard 

Plucking 1752 1033 1248 1535 1392 

As. 120 

(NAHOR-Mcan 1042 947 1208 1443 

TOLI TE) 

Critical difference for pruning/skifling treatment 249 
means (P^0.05) 

Oitical differenec for plucking treatment means 

(P=0.05) 71 


% (Branning/skiffing) 
CV 2 % (Plucking) 


8.. 30 
3.88 



Bla<k 

plucking 

1283 

876 

916 

1273 

1087 

As. 133 

Standard 

plucking 

1302 

1000 

1212 

1374 

1222 

<LOHFO- 
HIA I E) 

Mean 

1292 

938 

1064 

1324 



Pruning/skiffmg treatments effect 

Plucking treatment effect 

CVi % (Pruning/skiffing) 

CV 2 % (Plucking) 


Not signi- 
ficant 
Not .signi- 
ficant 
19.37 
11.90 


♦KMTH “ Kilogram of made tea per ha 


Analysis of results of 1978 showed that in Nahortoli 
TE (As. 126) standard plucking recorded significantly 
more crop than black plucking. More crop was also 
produced by unprune over prune and deep skiff treat- 
ments. In Lohpohia TE (As. 133), though standard 
plucking yielded more crop than black plucking under 
various types of pruning skiffing, the difference was not 
statistically significant. 


^utnmarj nf 

(ii) North Bank (Assam) Experiment (An.l39) 

One experiment was conducted in Dhullie TP 
(An. 1 39) in the North Bank. The results are presentee 
in Table 2.06. 


Table 2.06. Yield KMT El of 1978 under Black and Standard P/iickk 
systems in North Bank Eixperiments 


Experi- 
ment No. 

Plucking Unprune 
treatrn(‘nt 

Light 

prune 

Deep 

skiff 

Medium Mean 
skiff 


Black 

plucking 1522 

1.386 

1312 

1369 

1397 

An. 139 

Standard 

plucking 1707 

1504 

1642 

16.35 

1622 

(DHULT.- 

lET.E.) 

Mean 1614 

1445 

1477 

1502 



Pruning/skiffing treatment effect 

Clritical difference for plucking treatment means 
(P=0.05) 

Not sigr 
ficant 

116 


CV 1 % (Pruning/skiffing) 12.14 

CV 2 % (Plucking) 4.55 


Analysis of results of 1978 showed that slandarc 
plucking yielded more crop than black plucking unde: 
various pruning/skilling treatments. 

(iii) Gachar Experiments (C.45 & C.46) 

Two experiments, one each in Hattikhira (L.45' 
and Silcoorie (C.46) Tea Estates, were continued, whert 
results indicated that there was not much difference ir 
yield between black plucking and standard plucking du 
ring 1978. 

(iv) Dooars & Terai (West Bengal) Experiments 

I'hrce experiments, one each in Birpara (D.58) 
Dalsingpara (D.59) and Hansqua (TR.60) Tea Estates 
were continued in 1978. The results are presented ii 
Table 2.07. 

In Birpara TE (D.58), though standard plucking yic 
Ided more crop than black plucking, the difference wa 
not statistically significant. More crop was producce 
by unprune tea than by deep skiff, medium skiff and ligh 
prune treatments under both the systems of plucking 

In Dalsingpara TE (D.59), standard plucking recor 
ded more crop than black plucking and increase in yieh 
from unprune treatment was found significant ove 
prune and deep skiff treatments. 

In Hansqua TE (TR.60), standard plucking unde 
various pruning/skiffing treatments produced more cro: 
than black plucking and unprune treatment yieldcc 
significantly higher crop than other pruning/skiffim 
treatments. 
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Table 2.07. Yield KMT 1 1 of 1978 under Black and Standard Plucking 
systems in the Dooars & Terai 

Exprri- 

Plucking Unprunc Light Deep 

M<‘dium Mean 

incnl No. 

treatment 

jnune skiff 

skill 



Black 






plucking 

3405 1978 

2598 

2633 

2654 


Standard 






yjlucking 

3.557 1831 

2951 

2915 

2814 

I). 58 

Mean 

3481 1904 

2775 

2774 


(BIR- 

Critical difference for j)runing/skiffing treat- 


PARA 

nient means 

(P = 0.05) 



437 

T.E) 

I’lucking treatment effects 



Not sigiii- 






ficant 


CVi % (Pruning/skiffing) 



7.10 


CV 2 % (Plucking) 



7.76 


Black 






plucking 

2121 1116 

1476 

1728 

1610 


Standard 






plucking 

2259 11.56 

1()40 

1899 

1738 

D. 59 

Mean 

2190 1136 

1558 

1813 


<DALS- 

Critical difference for pruning/skiffmg treat- 


INGPA- 

ment means 

(Pr-0.05) 



568 

RA I'E) 







Critical difference for plucking treatment 

means 




(P^0.05) 



100 


CVi % (Pruning/skiffmg) 



15.08 


CV 2 % (1‘luckins) 



4.30 


Black 






plucking 

2660 1674 

2112 

1946 

2098 


Standard 






plucking 

2988 2029 

2393 

2326 

2434 

'PR. GO 

Mean 

2824 1851 

2252 

2136 


(HANS- 

Critical difference for pruning/skiffing treat- 


QUA 

rnent means 

(P-0.0.5) 



242 

'I’K) 







Critical difft 

•rence for plucking treatment 

means 




(P-0.05) 



10 


CVi % (Prunin,i</.skinring) 
CV 2 % (IMucking) 


4.75 

0.32 


2. Manual & Chemical Weed Control : Chuapara 
TE (D.42) 

This experiment was started in February 1970 to 
study the elTcets of three main types of manual cultivation 
in mature tea in the presence and absence of a chemical 
herbicide and with and without removing the weeds 
and pruning litters from the soil and then to find out the 
most suitable type of cultivation under the conJitions of 
the experiment. 'Fhe treatments are ; 

A= Cultivation at 3 levels : Aj (Sickle), Aj (Ghecl) 

and A 3 (Light Hoe). 

B= Herbicide at 2 levels ; (Gramoxone) and 

Bg (No herbicide) 

C = Weed & Pruning litters at 

2 levels (organic matter) : Cj (Litter left) & Gg 
(Litter removed) 

The results of 1978 are presented in table 2.08. 


Table 2.03. Yield KMTff of 1978 under different methods of Weed 
Control 

Cultivation Y Herbicide 


Ciillivatinn (.\) 


He‘rbicid(* (B) 

Herbicide 
No Herbicide 
Mean 


Sickling Cheeling Light hoe- 
ing 


2.596 2497 2572 
2420 23B1 2534 
2.508 2439 2553 


Mean 


25.55 

2445 


Critical difTercnce between two A means (P 0.05) - 90 
Critical diirerence between two B means (P 0.05) - 73 
Interaction (A X B) Not significant 


cv % 


- 5.02 



Herbicide X 

Organic Matter 


Orgiinie matter 

(C) 

1 ferbicide (B) 

Weeds & Pruning 
litters left 

Weeds & Pruning 
litters removed 

Mean 

With Herbicide 
Without Herbi- 

2619 

2490 

2555 

cide 

2539 

2351 

2445 

Mean 

2579 

2421 



Critical dilTerence between two B means (P 0.05)— 73 
Oitical difTercnce between two C means (P -0.05) - 74 
Interaction (B X C) - Not significant 

CV% -^5.02 


Cultivation X Organic Matter 


Organic Matter 

(C) Weeds & Pruning Weeds & Pruning 

litters left litters removed Mean 

Cultivation (A) 


Sickling 
Cheeling 
Light hoeing 
Mean 


2(i03 

2516 

2618 

2579 


2412 

2363 

2488 

2421 


Critical difference between two A means (P =0.05)— 90 
Critical difference between two C means (P- 0.05)— 74 
Interaction (A X C) — Not significant 

CV% 


-5.02 


2508 

2439 

2.553 


In the herbicide treated plots sickling produced signi- 
ficant increase in yield over cheeling. In no herbicide 
plots, however, light hoeing yielded significant crop over 
sickling and cheeling. 'Fhe herbicide treated plots signi- 
ficantly increased the crop over no herbicide plots. 
This trial has again confirmed that the treatment of 
leaving the organic matter i.e. weeds and pruning 
litters at site definitely increased crop over those from 
where these were removed. 


3. New Long-term Trial of different varieties at 
Nagrakata Head Q;iarter (D.62) 

This experiment was conducted in the Dooars (Nagra- 
kata HQ,) to compare the yields from 15 different clones 
planted in 1973. The results for the years 1977 & 1978 
arc presented in Table 2.09. 

In 1977, TV.19 produced the highest yield over the 
other clones except TV. 18 and 107/16. 

In 1978, clone TV.19 produced the highest crop over 
all the other clones. TV.19 was followed by clones TV. 
20, TV.17, B/5/63 & TV.18, which had no significant 
difference amongst them. 



'20 


I'oGKLAi Experimental Station 


Table 2 . 09. Tield KMTfl of 1977 & 1978 fro, n 
different varieties 


SI. 

Variety 

1977 

1978 

No. 


(I)S) 

(UP) 

1. 

.S'F. 203 

2119 

1.5.55 

2. 

1 V.l 

2254 

2338 

3. 

r\'.9 

2521) 

2311 

4. 

T\M7 

2828 

2825 

5. 

rv.iB 

301 1 

27.58 

(). 

4 v.l 9 

3228 

3232 

7. 

'I'\'.20 

2180 

2910 

8. 

107/2 

2543 

2527 

!). 

107/15 

3111) 

2532 

10. 

107/17 

2589 

1452 

11. 

19/18/15 

2462 

1529 

12. 

338/1 

1928 

2515 

13. 

35(i/3 

2421 

25.58 

14. 

H/5/53 

2482 

2754 

15. 

li/8 

1552 

2541 

Critical diffcrc- 



ncc f( 

r treatment 



(8 

0.05) 

395 

311 

CV 


11.15 

8.37 


4. Young Tea Manuring (Experiment No. As. 145 
& D.66) 

I'wo experiments on young tea manuring, one each 
in Mcleng 'I'ea Estate (As. 145) planted in autumn 1976 
and Nagaisurie Tea I’^state (1).66) planted in spring 1977, 
were initiated in 1977. The object of these experiments 
was to find out a suitable dose and frequency of YTD 
application in bringing up young tea. The results for the 
year 1978 are presented in I’able 2.10. 

The yield variation in difl'erent treatments did not 
reach statistical significance. 


Table 2.10. Held in 1978 o/youtiff tea KM'IH with differential manuring 


l>)scs of Y'I'O in gin/ 

As. 145 

D.(i5 


bush 5 to 8 weeks 

(M<4eng d'K) 

(Nagaisurie FF) 

Remarks 

interval 

Planted. 1975 

Plant<‘d 1977 


Ti - 20 1 20 

1145 

158 

D.65-Yi- 
eld from 9 
plucking 
rounds 
only 

'I'a - 13.3 ) 13.3 



+ 13.3 

1250 

188 


'I's -- 10 4- 10 4 10 




I 10 

1271 

1.52 


T4 - 30 1 30 

1150 

184 


Tb - 20 4 - 20 4- 20 
Tq -- 15 i 15 f 15 

1191 

150 


-h 15 

1358 

141 


T-j - - 40 4 - 40 

1275 

177 


Tg . - 27 4- 27 4- 27 
T, ^ - 20 ) 20 4 20 

1390 

151 


+ 20 

1.303 

152 


Tio - 50 4 .50 

Ti, 33.3 } 33.3 

1123 

15)8 


4- 33.3 

1325 

153 


Ti2 - 25 4- 25 i 25 




+ 25 

1222 

155 


Ti3 50 4 50 

1121 

174 


Ti 4 - 40 4 40 4 *10 
Tib - 30 4 30 4 30 

1318 

178 


-4 30 

1294 

155 


Treatment dilference 

Not significant 

Not significant 



11.22 

11. .50 



5. Bringing up of young tea (D.70) 

This experiment was conducted at Haldibari Tl'^ in the 
Dooars in 1977 in a TV.l section, planted in July 1977, 
to lind out the most suitable and economic method of 
development of young tea and to find out the effect of 
such development of final yield. The results of 1978 arc 
prc.sented in Table 2.11. 

Table 2.11. Fffeet of different methods of brinfm^ uf) vounri tea planted in 
1977 July, on yield KMTU in 1978 

Tn'atmrnls Yield 

"I'l -- Cut aenw.s at d.*) nn froiti the ground. C’entre out 
betw<Tn 10-1.5 cm leaving 2-3 side laterals, pluck 
at .50 cm. Frame forming prune after 12-10 mon- 
ths. 'Then follow step up plucking, 1240 

To Cut across at .3.5 cm from the ground and (cntre 
out between 10-15 cm. Pluck at .50 cm. Follow 
st«p up plucking for two sr-asons and then review. 1280 

Tj Pegging-follow step up plucking initiating from 40 
-15 cm. Cut across at 35-40 cm after one full sea- 
son and light centre clean out. Then follow step 
up plucking. 1121 

'14 Centre out between 10-1.5 cm leaving 2-3 side la- 
terals-pcgged. Follow step up plucking initiating 
Irom 40-45 cm for one full .season and then review. 1 195 

Critical dilference for two treatment means 

(P 0.05) m 

CV% 7.27 


During 1978, pegging (Tg) produced the highest crop 
while the other treatments were not significantly differ- 
ent in yield. 

6 . Rejuvenation Experiment 

(i) Assam North Bank Experiments (An 135,) 
An. 136 & An. 137) 

Three experiments, one each in Kacharigaon 
(An.l35), Tezpur & Gogra (An. 136) andBaghmari (An- 
137) Tea F.states, were laid out during 1974. The re- 
sults for 1978 are presented in Table 2.12. 

At Kacharigaon (An. 135) and Baghrnari (An. 137) 
Tea Estates, cold weather pruning, in general, was su- 
perior to rains pruning while in 4'ezpur & Gogra(An. 136) 
July/August pruning increased yield over cold weather 
pruning. In all these experiments, different treatments 
did not yield higher than control as presumably the in- 
fills did not start contributing fully towards higher pro- 
duction. 

(ii) Dooars (West Bengal) D.43, D.44, D.45, & D.4h 

Four experiments, one each in Dalgaon ( D.43 ), 
Matelli (D.44), Killcott (D.45) and Rydak ( D.46 ) Tea 
Estates were laid out during 1972. The results for 197B 
are presented in Table 2.13. 
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Table 2.12. Eject of Rejuvenation treatments on yield KMTH in 1978 

'I'rral merits An. 135 An.l3() An. 137 

(Karhaii- 'IVzpur & (Rai^mari 
gaon I’E) Oogra IT:) Estate) 

'I'l - i\() rejuvenation 

(control) 11()() 814 2I9(> 

I’j Cold weath(“r pr- 
une, and infill in 
the spring with a 
vigorous clone at 
double the num- 
ber of plants per 

vacancy plus one 39 (itiO 201 (► 

T 3 “ Cold weather pru- 
ne and infill in 
the spr ing with a 
vigfa'ous clon(‘ at 
d<iul)l(‘ the nuni- 
IxT of plants jjer 
vacancy plus one 
and also inter- 
plant to make in- 
to hedge i.e. if the 
original spacing 
was 150 cm X 
150 cm, make it 
into 150 < rn X 

75 cm. 792 cm 2012 

T'l - Prune in July/Au- 
gust and infill in 
the autumn as 

in \\ 710 708 1873 

'I'p - Prune in july/Au- 
gust and infill in 
the autumn as in 

d'a «02 7(i8 1930 

Critical differen- 
ce for two treat- 
ment means 

(P - 0.05) 183 Not Signili- 177 

cant 

CV 7.60 10.78 3.18 

Higher yields were obtained from cold weather pruning 
for rejuvenation over rains priming at all places in the 
Dooars except in Matelli Tea F.state (1).44). 

In Dalgaon 4’E (D.43), cold weather prune for reju- 
venation with interplariting produced substantial in- 
crea.se in yield over other treatments, but this increase 
in yield was not statistically significant. 

All the experiments except D.43 sliowed that when the 
bushes were pruned during cold weather no beneficial 
increase in yield was obtained from interplanting. On 
the contrary, when the bushes were pruned in the rains, 
intcrplanting was more beneficial for increased crop. 


Table 2.13. Effect of time of pruning for rejuvenntioti and in/illinp method 
on Yield KMTH in 1978 


Treatmrnls 

n.43 

I).44 

D.45 

l).46 


(Dalgaon 

IE) 

(Mat(41i 

I'E) 

(KillcoU 

I’E) 

(Ryclak 

I’E) 

No rt‘juv(*nali- 
on (ronirol) 

1565 

170^) 

2329 

1488 


Tj - Cold w'calhcr 
prune and in- 
fill in the si>ri- 
ng with a vigo 
runs clone at 
thmble th«‘ nu- 
mber of plants 
per \ acancy 



plus one 

1997 

1(;09 

2402 

2109^ 

T, 

(k»l(l wealher 






|)runr ami in- 
fill in the spr- 
ing with a vi- 






gorous clone 
at double the 
number of pl- 
ants per va( a- 
ncy plus one 



and also inter- 
plant to make 
into hedg<‘ i.e, 
if the original 
spacing was 

1.50 cm X 1.50 
cm, irtake it in 
(0 1.50 cm X 

75 cm. 

2.590 

1592 

2330 

2281' 

T 4 

Prune in July/ 
August and in- 
fill in the autii 
mn as in 

199(> 

1691 

2261 

1880 

Ts 

Prune in July/ 
August arid in- 
fill in th(‘ autu 
mn as in r 3 

2167 

1932 

2254 

2192 


Critical diffe- 
rence for two 
treatment me- 
ans 

Not signi- 

181 

Not signi- 

243 


CV % 

li cant 

10.89 

2.39 

ficant 

3.34 

4.40 


7. Micronutrient Trials 

During 1978 ten commercial micronutrients and four- 
teen other focklai formulations were tried at 31 sites in 
dilferent agro-clirnatic regions of North-East India. 

The first year results have been variable. In unpruned 
tea, it was observed that the different treatments incrca.sed 
crop over control and this increase in yield was variable 
and ranged between 3 and 39 per cent. Similarly, in 
pruned and deep skiffed tea the increase in yield over 
control was also ob.served and this increase ranged be- 
tween 5 and 45 per cent. But neither a single commer- 
cial product nor any Tocklai formulations gave consis- 
tent increa.se at all sites. 

In another set the increase due to CJhelatcd zinc and 
zinc sulphate over control varied from marginal i.e. 2.3% 
to as high as 41 % in unpruned tea. In pruned and deep 
.skiffed tea the increase varied between 5 and 26 per cent. 
Clheiated zinc could not prove itself to be superior to- 
non-chelated form in these estate trials. 


The trials are now continuing. 
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Highlights 

Cessation I reduct ion of nitrogen caused reduction in yield in the 
second and third year. Application of phosphorus increased 
yields. Drip irrigation increased both early and total crop. 
Leaving a leaf in nnd- April in unpruned tea increased yield. 
Coarse plucking and plucking on longer rounds gave higher yields 
of poorer quality. Autumn application oj preemergence herbi- 
cides was as effective as normal spring application. Solubiliza- 
tion of glyphosate improved its efficacy fur control of Iinpcrata. 
Herbicide spraying with WFN 62 nozzle was less efficient 
than with WFN 40 nozzle. 


Plant Nutrition 

Several experiments arc being conducted at Borbhetta 
and Tocklai Division to study the response of lea to 
different plant nutrients. The results of some of these 
<‘xperiments arc briefly discussed below. 

Nitrogen 

A factorial experiment {B.H/l) was initiated in 1966 
with three nitrogen levels (100, 200 and 300 kg/ha) 
and two clones ( V\ 1 and 'I V 9 ) l)esides four spacings. 
Basal dose of 50 kg and 100 kg KT) per ha was 

applied to all the treatments. Although there was no 
yield difference between treatments in 1970, 200 and 300 
kg levels, which were at par, wove significantly superior 
to 100 kg level in 1971 and 1972. In 1973, 300 kg level 
reduced the yield markedly, 'fins deleterious efTect 
was significant (when compared witli 100 kg and 200 
kg levels) since 1974 ('fable 3.01). Yiehl reduction due 
to continuous aiiplicatiori of 300 kg N over 100 kg level 
ranged from 13 percent in 1973 to 53 percent in 1977; 
it was 23 per cent in 1978. This significant adverse effect 
was also observed at 200 kg in 1976 and 1977 but not in 
1978. 


Table 3.01. Kjject of differerU levels of nitrogen on yield of clonal tea 
{made lea. kg I ha) 


Nitrwgen 

1073 

1974 

1975 

1976 

1977 

1978 

(kg/ha) 

L.P. 

D.S, 

M.S. 

L.P. 

D.S. 

U.P. 

100 

1484 

1990 

1897 

1964 

1672 

1836 

2(X) 

1543 

2oe)() 

2028 

1633 

1305 

1945 

300 

1289 

1059 

1565 

1125 

784 

1417 

L.S.D. (at 5% level) 

N.S. 

226 

200 

184 

199 

218 

C.V. (%) 

22.1 

16.1 

14.0 

16.0 

21.6 

17.0 


In another experiment (B.104), the efTect of three 
levels of nitrogen (90, 135 and 180 kg/ha) on two fats 
( Betjan and Gaurishankar ) of tea planted at five spacings 
is being studied. After an initial boost in yield in 1961, 
the higher levels of nitrogen tended to depress the yield 
from 1969. When compared with 90 and 135 kg levels, 
180 kg N level reduced the yield significantly in all the 


years from 1969 to 1978. In all years, except 1974 and 
1977, 90 kg level gave significantly higher yield over 135 
kg level (Table 3.02). 


Table 3.02. EJJect of three levels of nitrogen on the yield oJ jal tea {made 
tea, kg I ha). 


Nitrogen 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

(kg/ha) 

L.P. 

D.S. 

M.S. 

M.P. 

U.P. 

L.P. 

D.S. 

90 

1462 

1289 

1361 

596 

1875 

1 289 

1504 

135 

1370 

1174 

1343 

5K) 

1764 

1234 

1412 

180 

1276 

1117 

1251 

481 

1591 

1133 

1280 

L.S.D. (at 5% lev 

•el) .59 

50 

56 

31 

87 

(72 

74 

C-V. (%) 

9.6 

9.4 

9.6 

13.0 

11.1 

11.4 

11.1 


In a different factorial experiment und(‘r unshaded 
condition (B.5.1), the response of 'fingamira /«/ lea to 
four levels r)f nitrogen (0, 50, 100 and 150 kg/ha) along 
with two levels eacli of phosphorus and potassium is being 
studied since 1961. As in th(‘ ])ast, there was significant 
yield response to 50 kg level in 1978 also. But when this 
level was raised to 100 kg, there was significant yield 
reduction in 1972, 1973, 1977 and 1978 (fable 3.03). 

A further raise in nitrogen level to 150 kg d('press(‘d 
the yield further signifiraiitly. 'fhis reduction in yield 
which ranged from 12 to 43 per cent (compared to yield 
at 50 kg level) was first notice 1 in 1969 and continued 
every year thereafter. 

Table 3.03. H/fect of dijterent levels of nitrogen on the yield of unshaded 
jat tea {made ten. kglha) 


Niln»g<n 

(kg/ha) 

1972 

L.P. 

1973 

U.P. 

1974 

UP. 

1975 

L.P. 

197(i 

U.P. 

1977 

D.S. 

1978 

L.P. 

0 

1134 

11.53 

1234 

798 

1353 

993 

919 

50 

1348 

1522 

1765 

IKiO 

207li 

1372 

1341 

100 

1118 

1434 

1808 

1093 

2091 

1274 

1143 

150 

854 

1135 

1549 

819 

1786 

1001 

7(i0 

L.S.D. (at 5% lev 

el) 87 

88 

109 

88 

145 

95 

89 

C.V. (%) 

10.9 

9.4 

9.6 

12.7 

11.2 

10.5 

11.9 


Eifect of cessation/reduction of nitrogen 

In an experiment (B. 1 13.1) where the effects of single 
V.S split application of 90 and 135 kg N/ha were studied 
on jat (Khorijan planted in 1960) tea from 1965 to 1975, 
no significant differences between treatments were ob- 
served. In 1976, these seven treatments were modified 
to include a new set of treatments where nitrogen applica- 
tion was either withheld or applied at the same or lower 
levels. 

The results of 1976 showed that there was no signifi- 
cant yield reduction as result of withholding nitrogen 
or reducing the level of nitrogen (Table 3.04). 
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"Table 3.04. Effect of cessationl reduction of nitrogen on the yield of tea 


Nitrogen l(‘vel 

Nitrogen level 

Made 

tea (kg/ha) 

(kg/ha) from 

kg/ha) from 







1965 to 75 

1976 

1976 

1977 

1978 



L.P. 

D..S. 

U.P. 

93 no split 

93 

1605 

1963 

1920 

90 two splits 

•15 

1552 

1770 

18)1 

90 four splits 

0 

147H 

1571 

1552 

135 no split 

135 

1533 

1933 

1853 

135 three splits 

93 

1533 

1751 

1713 

135 two splits 

45 

1533 

1()93 

1670 

135 four splits 

0 

1522 

1553 

1488 

L.S.l). (5% level) 


N.S. 

231 

223 

C.V. (%) 


4.5 

{i.6 

7.3 

However, ceasing 

nitrogen application in \ 

30 kg 

(two 

splits) and 135 kg (four splits) or 

lowering 

it from 135 

kg (two and three 

.splits) to 45 and 90 kg 

result 

ed in 

s i g n i fi c a n t r e d u c 1 i ( > n 

in yield in 1977 and 1978. There 

was no significant y 

ield difference 

between 

90 kg 

: and 


135 kg levels. 

Phosphorus 

One Ikctorial experiment (B.105) is being conducted 
since 1960 to study the response of TV 2 clone to four 
levels ofPo^^s (along with four levels of potash) applied 
as single supcrphospliatc at a constant rate, of 90 kg/ha 
N upto 1971 and 135 kg/ha from 1972. After an initial 
advers(‘ elfect at 180 kg till 1970 and no significant response 
from 1971 to 1973, phosphorous was found to increase 
yield significantly in 1974, 1976, 1977 and 1978 

(Talkie 3.05). I’here was significant response to phos- 
phorous at !)() l;g in 1974, 1976 and 1977 and 1978 and at 
45 kg in 1976, 1977 and 1978. There was no significant 
yield increase above 45 kg level in 1974, 1977 and 1978. 
However, in 1976, 90 kg level was significantly superior 
to 46 kg level. Application of 180 kg appeared to be 
detrimental in all years except 1976. 

Table 3.05. Effct of di/ferctil levels of pho.sffhorus on yield of tea {made 
tea, kgjhn). 


(kg/ha) 

1974 

D.S. 

1975 

L.S. 

1976 

L.P. 

P)77 

D.S. 

1978 

UP. 

0 

45 

90 

180 

1865 

1977 

2067 

1975 

1785 

1824 

1826 

1711 

1022 

1231 

1410 

1146 

1348 

1631 

1646 

1.599 

1440 

1657 

Hi48 

1591 

L.S.D. {5% level) 
C.V. (%) 

117 

8.4 

N.S. 

11.7 

139 

15.3 

175 

15.8 

165 

14.6 


Potassium 

The response of clonal tea (TV 2) to potassium is being 
studied since 1960 in an experiment (B.105) involving 
four levels of KgO (0, 45, 90 and 180 kg/ha) and four 
levels of P.2O5 (discussed under response to phosphorus) 
-at a constant rate of 90 kg/ha of N upto 1971 which was 
raised to 135 kg/ha from 1972. There was significant 
response to K2O upto 45 kg/ha from 1970 to 1978 (Table 
3.06). Although there was no significant yield difference 
■between 45 kg and 90 kg levels in any of the years except 


1977, the 180 kg level gave significantly higher yield 
over 45 kg/ha in all the skilfed years (1971, 1972, 1974> 
1975, and 1977) as well as the unpruned year (1978). 


Table 3.05. Effect oj different levels of pjtas'sium on the yield of tea 
{made tea, kglhti). 


K 2 O 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

(kg/ha) L.P. 

D.S. 

M.S. 

L.P. 

D.S. 

L.S. 

L.P. 

D.S. 

U.P. 

0 

1279 

1490 

2289 

1495 

1671 

1555 

1049 

1281 

1234 

45 

1533 

1708 

2555 

1779 

1988 

1 780 

1293 

1293 

158.5 

90 

1596 

1810 

2()52 

1803 

2054 

1880 

1349 

1687 

1709 

180 

1625 

1913 

2833 

1854 

2171 

1933 

1420 

1793 

1808 

L.S.l). 










f,() 

'* ,<) 










levt 4 

109 

126 

167 

106 

117 

149 

139 

175 

16.5 

C.V. 

{%) 

10.2 

10.2 

9.1 

8.6 

8.4 

11.7 

15.5 

15.8 

14.6 

— 

— 

. 

— — 

. _ — — . 
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Nitrogen X Potassium interaction 

In the experiment B.5.1, where shade was absent, the 
interaction between nitrogen and potassium was signi- 
ficant in all the years since 1972. At every level of ni- 
trogen (50 to 150 kg/ha), addition of 100 kg K^O/ha re- 
sulted in significant increase in yieltl in all the years 
including 1976, 1977 and 1978 (fable 3.07). 


Table 3.07. P'ffet of n'trog’n in the presence and absence of potassium 
on yield {mid’ tea, kgjha) 


K 2 O 

k"/ha 

.NitroT[rn 

I 

I07(i 

(U.P.) 

1977 

1 

(D.S.) 1 

1978 

(L.P.) 

kg/ ha 

0 

103 

0 

103 ! 

0 

100 

0 

1359 

1346 

103 1 

952 

982 

856 

53 

189) 

2257 

1241 

L5()2 

1193 

1489 

100 

1720 

2162 

1058 

1490 

900 

1386 

L50 

1396 

2176 

747 

1254 

489 

1020 

L.S.D. (at 







5% level) 

20(i 


135 


126 


C.\'. (%) 

11.2 


11.2 


10.5 



The deleterious effect of higher levels of nitrogen 
(100 and 150 kg/ha) was significantly alleviated in the 
presence of KgO. Tlie and Njog Kjqq 

levels gave significantly higher yields in all the years. 

This interaction was not significant under shade. 

Zinc and other Micronutrients 

A new trial (T/2) was initiated in 1978 to study the 
response of jat tea (planted in 1957) to different micro- 
nutrients such as zinc (Zn) applied as Zinc sulphate, boron 
as boric acid, magnesium as magnesium sulphate, man- 
ganese as manganese sulphate and molybdenum as moly- 
bdic acid alone and in combinations of Zn-f-B 4- Mg -f- 
Mn, Bo-j-Mg-pMnd-Mo, Zn-}-Mg4-Mrv|-Mo, Zn-p 
B-|-Mn-|-Mo, Zn-j-B-f-Mg-f Mo and Zn-fB-f Mg + Mn. 
A plant growth regulator, naphthalene acetic acid was 
also being studied alone and in combination with Zinc. 

The results indicated that there were no significant 
yield differences between treatments. The trial is con- 
tinued. 
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Commercial Formulations of Micronutrients 

Another experiment (T/v3) was initiated in 1978 to 
study the efibet of difibrent commercial formulations of 
niicronutricnts on the yield of clonal tea (Cinnainara 
Clone) planted in 1957. 

The results arc inconclusive and the trial is continued. 

Irrigation 

A drip irrigation (or trickle irrigation) system was 
installed in December 1977 to study its feasibility in tea. 
It involves slow application or controlled release of water 
to crop root zone. This is done by using PVC tubing 
along the crop row with small nozzles or emitters 
provided near each plant. Water is pumped through the 
plastic pipes and it drips through the emitters. This 
system economises the use of water considerably. 

An experiment on drip irrigation was laid out on mixed 
clonal tea planted in 1973. The three treatments in- 
cluded were (i) drip irrigation alone (ii) drip irrigation 
with 100 kg N/ha as urea plus 100 kg KjO/ha as muriate 
of potash applied once along with irrigation water on 
16-2-1978, and (iii) no irrigation. In drip irrigation 
alone and control plots 100 kg N and 100 kg K 2 O were 
broadcast on the ground in April, 1978. 'Eensiometers 
were installed at 22 cm, 45 cm, 60 cm and 90 cm depths 
in one replication. Irrigation was started in January 
1978 and repeated whenever the tensiometer show 10 cm 
mercury reading. 

Table 3.08. EJject oj drift irrigation on the yield of unpruned tea 
Made tra (kg/ha) 


Year 

Month 

(’ontrol 

Drip irrigation 

Drip irri- 
gation with 




(Nj)rmal fertilize 

r apj>lication) 

fertilizer 

1978 

March 

106 

216 

282 


April 

179 

199 

221 


May 

232 

406 

380 


June 

298 

338 

334 


July 

348 

405 

394 


August 

409 

405 

394 


SepteinlxT 

456 

488 

4.5(i 


October 

437 

442 

42(i 


Novemi)er 

193 

198 

203 


Total in 1978 2658 

3()4(i 

3052 


% increase 


Drip irrigation caused a substantial increase in the 
early crop (Table 3.08). There was 14.6 percent in- 
crca.se in total crop in 1978 due to drip irrigation. 
Addition of fertilizer with drip irrigation was at par 
with normal soil application of fertilizer followed by 
drip irrigation. 

Plucking 

In 1976, the plucking experiment (B.II2.I) was 
modified to study the effect of continuous and intermi- 
ttent standard and back plucking systems. The plucking 


season w^as divided into three periods i.e. beginning of 
the season to May, June to September, and October to 
November. Standard (St) and/or black (Bl) plucking 
in the.se three periods were done continuously or inter- 
mittently in various combinations. There was no signi- 
ficant yield difference between these treatments in 1976 
and 1977, the first and second year of the experiment. 

Table 3.09. Effect of different combinations of standard and black plucking 
at various plucking periods on the yield of tea in 197H 

Plurking trcatnient.s Yield (made lea, kg/ha at different 

at various periods of plucking periods in 1978 (L.P.) 


plucking. 





Total’ 




Early 

Main 

Late 


Early 

Main 

Late 

ui)to May 

Jiin<*-.Sept. 

Oct-No\ . 


Bl 

Bl 

Bl 

115 

1189 

464 

17()8 

Bl 

HI 

1 

102 

1128 

5(i8 

1798 

Bl 

St 

St 

97 

1402 

495 

1994 

Bl 

St 

Bl 

82 

1381 

443 

1906 

.St 

St 

St 

96 

1302 

472 

1870 

St 

St 

Bl 

115 

1406 

449 

1970 

St 

Bl 

Bl 

92 

1133 

449 

1674 

St 

Bl 

St 

88 

1175 

501 

1767 

L..S.D. 

(at 5« 

„ level) 

— 

— 


198 

C.V. ( 

%) 




6.1 


Data of 1978 indicated ('I’able 3.09) that in the year 
of prune black plucking till May followed by standard 
plucking gave the highest yield, d’his treatment was at 
par with all except three treatments continuous black 
plucking, standard plucking in the early part followed by 
black plucking for the rest ol' the year, and standard 
plucking in the early part and back end and black plu- 
cking in the main st^a.son. This is contrary to the earlier 
results where no difference was found between black and 
standard plucking. 'Ehese differences have possibly been 
caused due to the cumulative effect of these two systems 
of plucking and bring out the deleterious effect of black 
plucking particularly in the main season. 

Two new experiments (T/7 and 'E/^) were initiated in 
1978 to study the effect of different plucking methods in 
young clonal tea planted in 1970-71 and mixed /a/.f of 
tea planted in 1925 in Tocklai Division. Both experi- 
mental areas had shade of Albizzia odoralissima. 

The results (Table 3.10) showed that in both types 
of tea there was no significant difference between plucking 
standard throughout the year (T,) and plucking standard 
and leaving a leaf in mid-April (Tg). In clonal tea 
these two treatments were significantly superior to stan- 
dard plucking and raising a leaf in June /July (Tg) and 
tipping over one leaf followed by standard plucking 
throughout die year (T^). In jat tea, however, the.se 
two treatments gave significantly higher yield over T^. 

In another new trial (T/5) the effect of black, standard 
and coarse plucking was studied with janam, fish leaf 
and step up plucking on clonal tea (33/52) planted in 
1967 (Table 3.11). 
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Table 3.10. Ejject of different plucking methods on yield of clonol a.% will 
as mixed juts of tea. {Early crop is shown in brackets) 


Treatment 


T, Standard over janam 

Tf Standard over janam 

1 leai" up in mid-April 
T 3 Standard over janam 

I 1 leaf up in Juno/July 
'J'4 'rip over one leaf, than stamiard 
over janani ihronghoul the year 

I..S.1). (at 5% level) 

C.V. (<!o) 


Made tea (kg/ha) 1978 UP 

Clonal tea 

Jat tea 

2949 

1734 

(972) 

(336) 

30()t) 

1730 

(1031) 

(342) 

2311 

13(iG 

( 1001 ) 

(449) 

2G25 

144G 

(710) 

(393) 

1.39 

237 

4.4 

11.9 


Table 3.11 . l\lffi't of differ ent plucking standards and systems on yield of 
clonal tea 


Plm king Made tea (kg/ha) Mean % 

rreatinenl 1978 (D.S,), (uk* leaf 


no signilicant dilTcrcncc between 9-day and 11 -day 
rounds. 

Longterm yield trial of Tocklai clones 

A long term yield trial (B.4C)/1) was initited in 1966- 
67 with different clones to compare their yield perfor- 
mance under Indigofera leysmanii shade. In the light 
prune year of 1978. 'rV19 gave the highest yield and 
it was at par with TV 14, TV 16, and TV 11 
(Table 3.13). It is interesting to note that this clone gave 
the highest yield in the light prune year of 1976 also. 
In the unprune year of 1977, TV 17 gave the highest 
yield, but in 1978 it ranked 7th. CUonc TV 2 gave the 
lowest yield and second lowest yield in the light pruned 
years of 1976 and 1978 respectively and third lowest 
yield in the unprimed year of 1977. I'liis suggests the 
possibility of interaction of clone and type of pruning. 


Janani-blaek 

1786 

73 

Janani-slan<lard leaving 1 bud 

1997 

(iO 

Janain-eoarse leaving 2 and a bud 

2333 

44 

Fi.sh-bla<k 

1883 

73 

Fish-standard leaving 1 and a bud 

1870 

(i 2 

Fish-( oars<‘ lea\ ing 2 and a bud 

20()3 

4.3 

Janam i- 1 step up in July & pluck black l()4l> 

70 

Janani | 1 step up in July & pluck 

standard 

1820 

61 

Janani 4- 1 step up in July & pluck 

2268 

45 

Coarse leaving 2 and a bud 

L. S. D. (at 3% level) 

162 


c. V. (%) 

4.6 



(loarse plucking to janam gave the highest yield. 
Stepping up by a leaf in July reduced yield though not 
significantly. Coarse plucking over fish leaf gave signi- 
hcanlly lower yield. Between standard and black plu- 
cking treatments, the standard over janam treatment 
gave the highest yield. Black plucking tended to depress 
yield exct‘pt in the fish leaf system, fhc leaf was finer 
in the black plucking treatments than standard or coarse* 
plucking treatments. Stepping up in July also tended 
to depress yield. 

Another new trial (174) was initiated on clonal tea 
planted in 1967 to study the clTcct of frequency of plu- 
cking on yield. The experimental area had Albizz^a 
odoTatissima shade. 

Table 3.12. Effect of frequency of plucking on yield of clonal tea 
Plucking fr<‘(jucncy Made lea (kg/!ia) 



1978 (D.S.) 

3 day round 

2390 

7- day round 

2367 

9 day round 

30(i3 

1 1 day round 

2966 

13- day round 

3473 

L.S.l). (3% level) 

233 

c:.v. (%) 

3.2 


I'he results showed that 13-day round gave significantly 
highest yield over all other treatments (Table 3.12). 
There was no significant difference between 5-day 
and 7-day rounds, but they gave significantly lowest 
yield when compared to other treatments. There was 


Table 3.13. Yield of different clones and seed stocks {made tea^ kgjha) 


Uone 


1976 

L.P. 

1977 

LI.P. 

1978 

L.P. 

Clone 

1976 

L.P. 

1977 

U.P. 

1978 

L.P. 

IV 

1 

1653 

19tJ0 

1791 

rv 13 

1833 

2223 

1363 

IV 

2 

1360 

2009 

1269 

rv 14 

1890 

2703 

2043 

IV 

4 

1719 

2433 

18.30 

TV 13 

1680 

2431 

1656- 

TV 

7 

16(i9 

2013 

1471 

rv Ki 

1914 

2410 

2002 

IV 

6 

1463 

1 710 

1104 

rv 17 

18.39 

3028 

1892 

IV 

8 

1394 

2440 

1588 

rv 18 

PK)3 

2716 

1894 

rv 

9 

1748 

2270 

1907 

rv 19 

2231 

2614 

2262 

TV 

10 

1896 

2947 

1864 

107/2 

1717 

2489 

1892 

TV 

11 

18.35 

2(i79 

1983 

Stock 450 

1686 

2357 

17.39 

rv 

12 

1739 

26.31 

1702 

Betjan 

1.3?X) 

2296 

1619 

L.S.l). 

(5% lev<4) 

308 

330 

333 


308 

380 

333 

C.V. 

(%) 

12.4 

11.1 

13.3 


12.4 

11.1 

13.3 


Clones which gave relatively poor response to unprune 
in 1977 were fV 1, I'V 7, TV 6, TV 9, TV 13, 'fV 16 
and TV 19. 

Planting and Spacing 

One factorial experiment (B.8/1) was initiated in 
1966 with four plant -to-plant spacings (90 cm, 45 cm, 
30 cm and 22.5 cm) at a constant row spacing of 120 cm, 
three nitrogen levels (100, 200 and 300 kg/ha) and two 
clones ('fV 1 and TV 9). 


Table 3.14. Plffect of different spacings on yield of clonal tea {made teOy 
kg I ha). 



Plant 

1976 

1977 

1978 

Spac ing (cm) 

population/ha 

L.P. 

D.S. 

UP. 

120x90.0 

9,2()() 

1333 

1037 

1451 

120 - 43.0 

18,520 

1524 

1180 

1691 

120x30.0 

27.780 

1.3()2 

1293 

1819 

120 22.3 

37,040 

1873 

1319 

1963 

L.S.D. (at 3% 

level) 

212 

204 

26!i 

CkV. (%) 

Ki.O 

19.0 

17.0 

The closest 

spacing of 120 cm 

X 22.5 

cm gave 

signi- 


ficantly higher yields than all other spacings in 1976 
and 1977. In 1978 also this spacing gave significantly 


higher yield over 120 cm X 45 cm and 120 cm X 90 
cm spacings. The 120 cm X 22.5 cm and 120 cm X 36 
cm spacings were significantly superior to the widest 
spacing of 120 cm X 90 cm. 
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Another experiment (B.8/2), also started in 1966 with 
Khorijan tea, has six plant-to-plant spacings (120 cm, 
90 cm, 75 cm X 75 cm, and doubletons at 90 cm and 
75 cm) with a constant row spacing of 120 cm. 


Table 3.15. KJfecl of dijferent spacint{s on the. yield of jat {Khorijan) ten 


{made tea, 

kMiha) 





Plant 

1970 

1977 

1978 

Spacing (cm) 

Population /ha 

L.P. 

n.s. 

U.P. 

120x120 

0,944 

1219 

1385 

1015 

120X <K) 

9,2.59 

1255 

1484 

10.58 

120x 90 (doubleton) 

10,518 

1580 

1051 

1 7.59 

120x 75 

11411 

1208 

1516 

1774 

120x75x75 

15,075 

1547 

1719 

1808 

!20x 00 

15,888 

1457 

l(i50 

1812 

L.S.D. (at 5% level) 

~ 

180 

133 

155 

C.V. (%) 

- 

9.2 

5.6 

5.8 

The 120 cm x 75 

cm X 75 cm 

and 

120 cmx60cm 


spacings which were at par gave significantly higher 
yield over the widest spacing of 120 cm x 120 cm in all 
three years (Table 3.15). 'The 120 cm X 75 cm x 75 cm 
spacing w'as significantly superior to 120 cm X 120 cm, 
and 120 cm X 90 cm spacing in 1978 and 120 cm X 120 
cm, 120 cm X 90 cm and 120 cm x 75 cm spacings in 

1976 and 1977. In none of the years the yield 
dillerence between 120 cm x 90 cm (cloubleton) ’and 

120 cm x75cmX 75 cm spacings was significant. 

A systematic fan design experiment (B.32.2) was 
planted with TV 18 in July 1974 to include 23 spacings 
ranging from 15 cm to 150 cm. In 1976, the yield data 
were represented in the form of an asymptotic curve 
(vide Annual Report, 1976-77). 

As yield estimates from closer spacings tend to get 
exaggerated due to smaller plot size and inadequate num- 
ber of bushes per plot, the yield data were fit in the curve 
by eliminating seven close spacings in 1976 and 11 close 
spacings in 1977. 'I’his gave a parabolic yield popula- 
tion curve with yield declining beyond 67,997 plants/ha 
in 1976 (2 years after planting) and 23,208 plants/ha in 

1977 (3 years after planting). 

In 1978 also 11 close spacings have been eliminated 
and the data of the other 12 spacings were analyzed and 
used to draw the yield-population curve. The yield 
declined beyond 21,950 plants/ha in 1978 (4 years after 
planting) (Fig. 3.01). These results show that yield 
starts declining beyond a certain population. They also 
show that the decline sets in at a lower level of popula- 
tion with increasing age. 
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5 POPULATION 

Fig 3.01 — Yield pouplation curve for clone TV 19 in 
4th year after planting. 

WldT) CONTROL 

Weed Competition in Young Tea 

A 6(4d experiment is being conducted since April 1976 
on an area j)lantcd with fV 18 in November 1975 to 
determine the critical pi'riod of weed coini)etition in 
young tea. Weed control was done in certain periods 
of the year (c.f. 'ral)le 3.19 for treatments), and the 
plots were left uriweeded in the remaining part ol' the 
year. 

Weed control during the six-month period ol' April to 
Scptcml)er was critical and was as cdlective as main- 
taining the young tea weed free throughout the 12-montIi 
j)eriod ('fable 3.16). It increased the yield of young tea 
over unweeded control by 193% in the first year, 355%, 
in the second year and 232%, in the third year, liven 
during this critical period of 6 months, wcerl control only 
during the first three months, April-July, reduced tlie yield 
by 50%, in the first year as against a reduction of 41%, 
by weed control in the later 3 months — July to September. 


Table 3.16. Effect of weed competition at dijferent periods of the year on the 
yield oj younf* tea 


Weed control 
period 

No. of 
months 

kg/ha 

Made tea 

1977 

o/ 

/o 

reduction kg/ha 

1978 

% 

reduction 

April-September 

6 

953 



2430 



April-March 

12 

925 

1 

2400 

1 

April-Junc 

3 

469 

50 

1633 

55 

July-Septemher 

3 

546 

41 

1417 

42 

October-March 

6 

559 

04 

11.54 

53 

October-Decem her 

3 

269 

71 

836 

00 

January-March 

3 

252 

73 

870 

64 

No weed control 

— 

211 

77 

733 

70 
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The cause of the adverse efVjcl of weeds is evident 
from dry matter accumulation by weeds and nitrogen 
removal by them (Table 3.17). Weed growth during 
the critical period of 6 months April to September, was 
as high as during 9 months (April to December) of active 
growth. Further, nitrogen removal by weeds amounted 
to as much as 145 kh/ha during the critical period. 
Results show clearly that weed competition is critical 
during April to September when weed free situation must 
be maintained. Weed control for only a part of this 
critical period will have corresponding adverse elTect 
on the productivity of young tea. 

Table 3.17. Amount of dry matter accumulation in various periods of the. 
year [April 197d to Aiarch 1919) and nitrofien removal 


VVr('d inlrslation 

Duration 

Dry mat tor of 

Nitr<),t>;on 

prriofl 

(months) 

woods (ki^/fia) 

roinoval (ki^/h 

April-Scptcmbrr 

(i 

8049 

1 4.^.0 

Orloher-March 

6 

289 

4.8 

January-Scplemhrr 

9 

n:m 

151.0 

April-Drc('nif)tT 

9 

8198 

118.0 

Jiily-Mnrch 

9 

729 

18.0 

OctolKT-junc 

9 

1781 

82.0 


Autumn Application of Preemergence Herbicides 
Mature tea 

In an experiment conducled in mature tea, tlu* ])re- 
ernergence herbicides were applied in onehalf of ihe area, 
on cl{‘an ground on DccernlxM’ 15, 1977 before light pru- 
ning on December 23, 1977. There was rain two days 
after herbicide application, dlie priming crop litter 
remained on the ground. Tn the other half of the area, 
same herbicides were applied on the clean ground on 
March 29, 1978 which is the normal lime of preemergence 
herbicides in spring. Belbre herbicide application, 
the pruning crop litter was carried out oi tlie plots 
for proper ground cover with herbicide. After sj)raying, 
the litter was brought back to the plots and s})read out 
uniformly. 

I'he results presented in Fig. 3.02 on per cent ground 
coverage by weeds at dilferent periods of the year indi- 
cated that the preemi;rgence herbicides were as elTectivc 
when applied in autumn as in the normal spraying season. 
'There is no apparent reduction in their weed control 
efficacy when spraying was done even five months before 
the normal time. 

Of the various herbicides tested, diuron was more 
effective and had longer duration of activity, weed con- 
trol was more efficient at 2 kg/ha. The weed control 
efficiency of 2 kg/ha level of simazinc and 1 kg/ha level 
of diuron were identical. Butachlor either as emul- 
sifiable concentrate or as granular formulation was less 
effie’ent. 
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Fig 3.02. Effect of spring and autumn application 
of diuron on weed control. 


Non-tea area 

In a similar study in non-tea area, diuron and simazinc 
were applied in the first week of December (1977) 
at 0.5, 1.0 and 2.0 kg/ha and the IT' and CiR formula- 
tions of butachlor at 1.0 and 2.0 kg/ha. 

The data indicated that at 2.0 kg/ha, diuron gave 80% 
control of broadleaf weeds 4| months after application 
(third week of April 1978) and its ellicacy was reduced 
to 46^’,, at the end of 6 months (first week of June). 
At ccjual rates, simazinc was less persistent than diuron. 
But achlor was (‘ven much less persistent. 'TIktc was 
little dilferenci' in the activity ol' IT 1 and GR formula- 
tions of butachlor. 

Granular Formulation of Herbicides 

Two experirniuits were conducted between April and 
July to determine the relative efiicacy of preemergence 
control of annual weeds (mostly Jlorrnia hispida) by 
EG and GR formulations of alachlor and butachlor in 
comparison with wettable powder (WP) formulation.s 
of simazinc and diuron. All herbicides were tried at 
2 kg/ha. 

'Fhe results of both trials showed that there was little 
difference in the preemergence weed control of alachlor 
and butachlor and between their EG and GR formula- 
tions. xNitrofen granules were less effective than alachlor 
and butachlor granules. However, diuron and simazinc 
were more effective than these new herbicides. 

HERBICIDE 'EOXIGITY ON TEA 

I. Tolerance of young tea to Glyphosate 

Two field trials were conducted to study the tolerance 
of young tea of TV 1 (2-years old) and TV 18 (3-years old) 
to different rates (0.4, 1.2 and 2.0 kg/ha) of glyphosate* 

When glyphosate was applied on top of the bushes, 
flushing was severely inhibited in both clones; but 'FV I 
recovered from the set back caused by 0.4 kg/ha rate faster 
than TV 18. At 1.2 and 2.0 kg/ha, toxicity was more 
severe in both clones. 
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Nondirccted spraying, resulting in part of spray 
reaching the sides of' the bush, of glyphosale caused no 
effect on TV I flush even at 2.0 kg/ha. In case of ^FV 18, 
there was a slight set hack at 2.0 kg/ha for only the first 
one month. 

2. Mitigation of diuron injury on young tea 

Preliminary field trials conducted on this aspect 
indicated that when activated carbon (20 kg/ha) was 
mixed as slurry in diuron (3 kg/ha) solution and applied 
to soil at preemergence, the eflicacy of the herbicides 
and its toxicity on young tea (TV 1 8) were substantially 
less than when diuron was applied alone. 

CONTROL OF MIXFD WEED 
A large scale field trial was conducted in non-cropped 
area infested with several perennial grasses like Imperala 
eylindrka^ Parncum sp.^ Paspalum sp., Arundinella ben^alensis^ 
and Sacchcmirn sponlaneum which accounted for 40%, 
25*/% 15%, 10*;„ and I0"o of the grass infestation res- 
pectively. 

At 0.8 kg/ha, glyphosate controlled (at the end of 
12 weeks) Imperala to the extent of* 80‘f„, Paniewn 90% 
and Paspalum 85^1', (Table 3.18). At this rate, its effect 
on Saccharum and Arundinella was only moderate. But 
2 kg/ha controlled these two perennial grasses effectively 
(88 to 98''o). 

tank mix of diuron with glyphosate reduced the 
effect of the latter on Paspalum and Arundinella but mark- 
edly enhanced it on Panicurn. Similarly, 2,4-D in com- 
bination reduced the ineflicacy of glyphosate on Imperala, 
Paspalum, and Arundinella but increased its effectiveness 
in control of Paraquat -f* diuron followed twice 

by paracpiat controlled these perennial grasses 34 to 45% 
except Panicurn which accounted for 68(5, control at the 
end of 12 weeks. 


Table 3.18. C.ontrul of niixed perennial grasses hy ylypho.sale and other 
herbicides used in tea. 


HerbicitU- & 
ratr (kg/ha) 

Weeks alter 
application 

(’on 

Im 

rol () 
On 

weeds* (%) 

Pp S( 

.\r 

Glyphosate 0,4 

4 

35 

.30 

2(i 

15 

23 

(once) 

8 

03 

100 

70 

40 

58 


12 

70 

70 

70 

33 

()3 

Glyphosate 0.8 

4 

(iO 

70 

30 

23 

20 

(oner) 

8 

85 

100 

85 

51 

70 

12 

80 

90 

85 

70 

73 

C;ly]jhosate 2.0 

4 

83 

100 

(i3 

00 

81 

(once) 

8 

05 

100 

100 

81 

91 


12 

tM 

98 

88 

90 

90 

Glyphosate 0.4 

1 

33 

50 

32 

2t) 

31 

-b diuron 0.5 

8 

(iO 

98 

30 

35 

5(i 

(oner) 

12 

50 

98 

30 

48 

43 

Glyphosate 0.4 

4 

25 

45 

30 

35. 

23 

-f 2,4-1) 0.8 

8 

50 

90 

20 

31 

4<i 

(once) 

12 

30 

95 

27 

37 

43 

Paraquat 0.4 

4 

3(> 

00 

10 

.50 

50 

4 diuron 0.5 

8 

40 

80 

20 

13 

41 

(once) ; Paraquat 
0.4 (twice) 

12 

45 

80 

34 

10 

45 

Paraquat 0.4 

4 

30 

45 

10 

43 

50 

A- 2, 4-1) 0.5 

8 

40 

40 

2.3 

40 

50 

(once); paracpiat 
0.4 (twice) 

12 

35 

43 

31 

48 

43 


♦The abbreviations r^'fer to imperata cylindrira (Im), Panicurn ham- 
idcrum {Pn), PaspaluTTiSp. (Pp), Saccharum spontaneum nnd Aru- 
julinelh henfraUnsis (Ar) 


Tocklai Experimental Station. 
CONTROL OF INDIVIDUAL WEEDS 

1. Paspalum conjugatum 

'Fwo f)ot trials conducted on actively growing Pas- 
palurn conjugatum indicated that paraquat (0.15 kg/ha) 
-j- MSMA (l.O kg/ha) combination was more effective 
than paraquat (0.15 and 0.30 kg/ha) alone. Similarly, 
paraquat (0.30 kg/ha) -f- oxyfluorfen (0.75 kg/ha) was 
better than either of them applied alone; its effect at 
this high dose combination was 58% as against 48% 
observed at the low dose (paraquat 0.15 kg/ha -j- oxy- 
fluorfen 0.38 kg/ha) combination. 

2. Gynodon dactylsn 

44ie paraquat- MSMA and paraquat-oxyfluorfen trial, 
conducted on PasprJum and reported earlier, was also 
conducted twice on (iynodon dactylon. T he results indicat- 
ed that neither MSMA nor oxyfluorfen alone had any 
effect on Cynodon. But tank mixing of either MSMA 
or oxyfluorfen caused only a moderate increase in the 
activity of paraquat. 

In three .separate pot experiments the effect of paraquat 
and paracpiat 4* MSMA treatments on Cynodon were 
compared with tliat of glyphosate. .\t 0.8 kg/ha, gly- 
phosatc eliminated this persistent perennial grass com- 
pletely (100^5)) three weeks after application (Table 
3.19). The control Cynodon by paraquat -|- MSMA 
treatments was only 38 to 455,,. 

Table 3, 19. Control {%) of Cynodon dactylon by glyphosate, paraquat, 
AISMA and paraquat -f- MSMA. 


Herbicide 

Rate (kg/ha) 

Weeks 

alter 

ai)j)licali()n 

(dyphosate 

0.1 

21 

40 

02 

f dyphosate 

0 8 

41 

100 

lO:) 

Paraquat 

0.20 


0:’) 

4.) 

Paraquat 

0 . 40 

70 

53 

2 

MSMA 

1 .0 

15 

12 

5 

Paraquat 1 MSMA 

0.2f 0.5 

70 

49 

40 

Paraquat e MSMA 

■0.2 1 l.O 

70 

.50 

38 

Paraepiat f MSMA 

0.1 1 0.5 

74 

09 

42 

Paraquat 1 MSM.\ 

0.4 i 1 .0 

7() 

03 

45 


3. Control of Polygonum chinense 

A pot experiment was conducted to study the effect 
of glyphosate-2,4-D (amine) combination on Polygonum 
chinense, the persistent perennial broadleaf weed in tea, 
as against glyphosale alone. 

TTie combination of glyphosate 0.8 kg/ha -j- 2, 4-D 
0.72 kg/ha gave better control of Polygonum than when 
glyphosate was applied alone at 0.8 kg/ha (Table 3.20). 
But the eflicacy of glyphosate alone 1.2 kg/ha was much 
higher than this glyphosate -2,4-D tank mixture. Tank 
mixing of 2,4-D amine with 0.4 and 0.8 kg/ha rates of 
glyphosate enhanced the effect of the latter. 
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Table 3.20. Control {%) of Polygonum chinen.it hy glyphosate done and 
in combination with 2,4-D amine 


H<*rl)icidc 

Rate 

(kg/ha) 

1 

Weeks after 

2 3 

application 

4 5 

10 

Glyphosate 

0.4 

20 

33 

•R) 

31 

30 

20 

Cilyphosato 

o.a 

25 

50 

65 

()0 

55 

45 

Glyphosate 

1.2 

25 

55 

75 

78 

80 

80 

2,4-D amine 

0.72 

33 

31 

25 

20 

10 

0 

Glyphosatr f 
2,4-D amine 

0.4 

0.72 

53 

00 

61 

54 

36 

30 

Glyphosate 

2,4 D atnine 

0.8 

0.72 

55 

70 

71 

70 

73 

60 


4. Control of Ferns 

In a field trial, the normal and solubilized formula- 
tions of glyphosate and asulam were tested at various 
rales for control of ferns. 

Glypliosate was extremely effective with 93 and 10()''(> 
control of ferns (5 weeks after application) at 0.4 and 
0.8 kg/ha respectively. At these rates, there was no di- 
Iference in the elTect of glyphosate and solubilized gly- 
phosate. Asulam controlled this weed only partially, 
and at 0.8 and 1.6 kg/ha solubilized asulam appeared to 
be slightly more effective. 

Dow 290, a new postemergence herbicide controlled 
this weed 45 to 48 ‘Vo. 

HERBICIDE ACriVi rV AND I fS 
ENHANCEMENT 

] . Tank mixing of other herbicides with glypho- 
sate 

In a field experiment on a pure stand of actively 
growing Irnperata cylindrical the effect of glyphosate when 
tank mixed with dalapon, diuron, paracjuat, MvSMA 
or 2,4-D was studied. Glyphosate was applied at 0.4 
and 0.8 kg/ha. Other herbicides were applied at the 
rales recommended by Tocklai and the response shown 
by these single treatments was compared with that shown 
by the combination treatments of glyphosate (0.4 kg/ha) 

other herbicides at half of the normal rate. 

At 0,8 kg/ha, glyphosate gave better control of /m- 
perata than at 0.4 kg/ha. 'fhe effect of other herbicides 
when applied alone varied from partial to poor. When 
tank mixed none of these herbicides showed beneficial 
effect on the activity of glyphosate (0.4 kg/ha). In a 
combination, the effect of glyphosate was very much 
subdued. 

2. Fertilizer additives on herbicide activity 

A pot trial was conducted on Irnperata cylindrica to study 
the effect of diammonium phosphate (DAP) and single 
superphosphate (SSP) on the activity of glypho.sate, dal- 
apon and diuron. These fertilizers were added at 1% 
concentration to herbicide solution. The results indi- 
cated that neither of them had any effect on the activity 
of dalapon and diuron. Ehcy, however, enhanced the 
efficacy of glyphosate (at 0.4 kg/ha) on Irnperata subs- 


tantially. Of the two, addition of DAP resulted in grea- 
ter enhancement of glyphosate activity. 

In another pot trial, DAP and two nitrogen fertilizers, 
sulphate of ammonia (SOA) and urea were added at 
0.5% and l.O^'o glyphosate (0.4 kg/ha) solution. It 
was indicated that of the three fertilizers, SOA at 0.5% 
concentration enhanced glyphosate activity markedly. 
The glyphosate 0.4 kg/ha -(- S().\ 0.5‘V^ treatment was 
as good as glyphosate 0.8 kg/ha. Urea had no effect 
on glyphosate activity and D.AlP was effective only at 
1 %. 

A field observation trial on a pure stand of Irnperata 
further showed that SOA (at 0.5%) hastens glyphosate 
effect at 0.4% kg/ha and the final efficacy of the combina- 
tion was mtich belter than when glyphosate was applied 
alone. 

3. Solubilization of glyphosate 

Solubilized formulation of glyphosate, prepared in 
the laboratory by mixing the commercial glyphosate 
(Roundup) formulation with an emulsifier, a surfactant 
and a cosolvent his been tested in various pot and field 
experiments to study its efficacy on the control of 
Irnperata cylindrica. 

In the first experiment conducted in pots, .soluble 
glyphosate was applied postemergence on the foliage of 
Irnperata^ 0 . 1, 0.2 and 0.4 kg/ha and norin-il glyphosate 
at 0.2 and 0.4 kg/ha. At 0.4 kg/ha, solubilized glypho- 
sate gave much better control (82%) of Irnperata 
(8 weeks after application) than did glyphosate (60%). 

In a field trial conducted on a pure stand of actively 
growing Irnperata, the efiicac/ of solubilized glypshosate 
and normal glyphosate at various rates was compared. 
The results (Table 3.21) showed that at 0.4 kg/ha, the 
effect of solubilized glyphosate on Irnperata was much 
faster and cpiicker (41 control one week after applica- 
tion) than that observed in case of glyphosate (26%). 
The extent Irnperata control observed in case of glypho- 
.sate at 0.8 kg/ha (83‘^(,) was obtaim'd at 0.4 kg/ha itself 
in case of solubilized glyphosate (81 ‘*{,). 


Table 3.21. (Jontrol (%) of field infestation of Irnperata cylindrica by diff- 
erent rates of solubilized glyphosate and normd glyphosate 


Hcrhiekle 

Rate 

(kg a.i./ha) 

Weeks aft<*r 
1 3 

application 

5 8 

(Tlyphosate 

0.2 

8 

28 

37 

30 

Cilyphosate 

0.4 

26 

48 

53 

50 

Glyphosate 

0.8 

33 

62 

80 

83 

Solubilized glyphosate 

0.1 

8 

17 

10 

5 

.Solubilized glyphosate 

0.2 

21 

43 

45 

52 

.Solubilized glyphosate 

0.4 

41 

67 

82 

81 

.Solubilized glyphosate 

0.8 

45 

75 

9.1 

93 


Another field trial on Irnperata conducted later in the 
same location in Horbhetta to compare the effect of 
solubilized glyphosate at 0.4% kg/ha with that of gly- 
phosate at different rates (0.4, 0.8, 1.2, 1.6 and 2.0 
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kg/ha), further confirmed the earlier results. The final 
control of Imperata at 0.4 kg/ha solubilized glyphosate was 
comparable to that obtained at 0.8 and 1.2 kg/ha gly- 
phosate. 

4. Effect of paraquat at higher rates 

Two pot experiments were conducted on a mixetl 
stand of Paspalum conju^atum and Axonopus compressus\ the 
two perennial grasses commonly found in tea, to deter- 
mine the efhcacy of supra optimal rates of paraquat. 

'The results indicated that there was greater residual 
control oi' Paspalum and Axonopus at 1.0 and 1.25 kg/ha 
(i.e. 1:125 and 1:100 dilutions) of paraquat (Table 
3.22). Diuron (0.5 kg/ha) alone had very little effect 
but when it was tank mixed with paraquat (0.4 kg/ha), 
there was 90y^, control of these grasses four weeks after 
application. 'J’his suggests that in a combination, para- 
quat and diuron are acting syncrgistically. 

Table 3.22. Kjfect of dilJerent rates of faraquat and fniraquat-diuron corn- 
hination on the control of Paspalum (onjinni^um and Axono- 
pus compressu.s 


Diuron Wt'<‘d control (%) 


Panaqiiat 

rate (kg/ha) 

I'irnc 

after application 

rate* (kg/ha) 


2 days 

1 week 

4 week.s 

0.25 



()5 

50 

18 

0.40 

— 

72 

57 

21 

0.50 

— 

78 

1)5 

41 

0.75 


81 

72 

49 

1.00 


{18 

81 

72 

1.25 

— 

90 

87 

82 


0.5 

5 

I(i 

20 

0.40 

0.5 

53 

87 

90 


*'I hc rates 0 . 25, 0 . 40. 0 . 50, 0 . 75, 1 . 00 and 1 . 25 k,t(/ha (orrespond 
to 1:500, 1:3(H), 1:250, 1:170, 1:125 and 1 : l66 dilii I ions res- 
pectively. 

5. Paraquat activity on weeds exposed to dark- 
ness following spraying 

Paraquat (0.25 kg/ha) — S[)rayed plants of Paspalum 
conjugatum (in pots) were kept in the dark for 1, 2, 4, 6 
and 24 hr before exposing them to sun light permanently. 

Scorching of Paspalum foliage due to the contact ac- 
tion of paraquat was evident within 30 min of exposure 
to sunlight. But this effect was not observed as long as 
the paraquat-treated plants were in the dark. The 
paraquat effect was delayed wlien the treated plants were 
kept in the dark and this delaying effect increased 
with increase in the dark period, 'fhere was, however, 
no difference in its final efficacy on Paspalum. 

6. Effect of storage on dalapon activity 

It is thought that during storage dalapon loses its 
herbicide activity. To check this, a study was taken up 
by initiallly storing dalapon in room temparature at 25- 
30®C, incubator at 40^C, and refrigerator at 5-9°C. One 
set of dalapon was tightly sealed in a bottle and the other 
•left open in another bottle. Herbicide samples were 


taken out one month and four months after storing t 
test them for their efficacy in the field on a pure stand < 
actively growing Imperata cylindrica. 

The results showed that there was no difference i 
the efficacy of various dalapon samples stored for on 
month. The effect was, however, reduced when it wa 
stored for four months in an open condition at 4()T; an 
room temperature. 

HERBICIDE APPLICAi rON 

1. Low volume application of glyphosate 

Two field experiments were conducted on a pur 
stand of Imperata cylindrica to compare the efficacy of gly 
phosate (at 0.4 and 0.8 kg/ha) applied with Iferbi, th 
ultra low volume (UEV) sprayer, and the conventiona 
hand operated bakpak sprayi'r. Herbi has blue, yellov 
and red nozzles discharging spray solution of 5.2, 10.! 
and 19.2 1/hr. I'licse nozzles were tested by spraying 
each plot (3m^) for 10 sec discharging 15 ml, 28 ml and 5'- 
ml for a final volume of 50, 93, and 180 1 /lia with blue, 
yellow and red nozzles respectively, 'f’he WEN 40 flood 
;et nozzle was used in case of the hand operated bakpak 
sprayer. 

'Ehere was no apprec iable difference in the control oi 
Imperata wlien glyphosate (0.4 kg/ha) was applied with 
WEN 40 and th(' three Herbi nozzles. But when gly- 
phosate was applied at 0.8 kg/ha using the very low volu“ 
me blue nozzle;' its efhcacy on Imperata control was 
markedly reduced. There was little difference in efii'ct 
when glyphosate was applied at this rate with WEN 4f> 
nozzle or yellow and red nozzles of Herbi. Eurlher work 
in this area is in progress. 

2. Width of Herbicide spray swath 

A trial was conducted on this aspect indicated that 
spraying from any height above ground level, WEN 62 
nozzle (fitted to the hand operated bakpak sprayer) 
covered a much wider swath (except when delivered at 
22 cm height) than the widest row spacing (150 cm) 
used in tea (Table 3.23). It can, therefore, be expected 
that certain amount of herbicide solution will reach a 
part of the bush causing injury. When WEN 40 and 24 
nozzles arc used, the possibility of such an injury is mini- 
mal particularly if spray is delivered from a height of 
22 cm to 30 cm from ground level. 

Table 3.23. Width of herbicide spray swath by different floodjet nozzles 
of hand operated bakpak sprayer 


Width of spray swath (cm) at spray 


No/./lc 


delivery height (cm) 

20 30 

45 

60 

WFN 

24 

75 

90 

105 

140 

WFN 

40 

85 

108 

140 

160 

WFN 

G2 

120 

163 

193 

218 
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3. Rate of spray delivery 

A trial conducted to determine the discharge rate of 
three floodjet nozzdes, WFN 24, 40 and 62, used with the 
hand-operated bakpak sprayer, showed that at a delivery 
pressure of 10 psi (700 g/cni2) WFN 62 nozzle discharge 
spray solution at 70 to 75 1/hr as compared to 30 to 35 
1 /hr by WFN 40 and 12 to 15 1 /hr by WFN 2f. It was 
also revealed that in case of po;temergence herbicides, 
substantial amount of spray solution discharged from 
WFN 62 nozzle found its way to the soil. Since post- 
emergences herbicides used in tea have very little effect 
when applied to soil, spraying with WFN 62 nozzle be- 
comes less ellicient and economical. 

Check Testing 

The following seven herbicide products have been 
check tested during (he year and certified for use in tea. 


IVade nainr 

1. HrrbucsorK^ 

2. Paraquat dichlo- 

ride 24 W/S 

3. Hcrlioc lin 

4. Knock weed 


I Icrbic ido 
Ibrniulatiini 


Para(|uat dirhloridc 
24% WSG 
Paraquat dichlorid(; 

2,1-1) sodium salt 

2,1-1) sodium salt 


Gompany 

Ankar Industries 
Pvt. Ltd. 

8d). Khaitan & Co. 

Ankar Industries 
Pvl. Ltd. 

Mascot Ghemical 
Works 
Aromate 

ILl). Khaitan & Co. 
B.l). Khaitan & Co. 


5. 2,4 I) S/S 2,4-1) sodium salt 

6. 2.1-1) sodium salt 2,4-1) sodium salt 

7. Diuron 80‘/o W.P. Diuron 


Fotir other herbicide products (diuron of y\(ul Pro- 
ducts, and 2,4-D 80%,, dalapori 85^’() WSP, and simazinc 
50 ‘h, WDP of Devidayal & Co.) were check tested 
during the year and certificates will be given in 1979-80. 
Paracpiat 24 -% (dimethyl sulphate) of Krishi Rasayari 
(Bihar), check tested earlier, received certificate this 
year. 

Quality testing of herbicides from estates 

Fourteen samples of trade formulations of herbicides, 
paraquat, dalapoii, simyizine and diuron, received from 
1 3 estates were tested for quality. Of these, one paraquat 
sample was found substandard. All the otliers were nor- 
mal. 


It was interesting to note that 10 of these 14 samples 
were of Cramoxonc formulation and these herbicides 
were applied mostly at rates much lower than the opti- 
mum recommended by Focklai and finding them less 
effective, the estates sent them lor quality te*sting. 

Glossary of the herbicides mentioned in the Report 

The rates of all herbicides mentioned! in this Report 
arc expressed as kg active ingredient per liectarc, abbre- 
viated as kg/ha. Fhese herbieid(!S are referred by their 
common names. 

The common names of herbicide's used in research of 
1978-79 and names of their trade products along with 
percentages of acliva^ ingredient are given in 'Fal)le 3.24, 


Table 3.24. List of herbicides used in weed research in 1978-79. 


Trade prod- Active in- 
ucl used in gredieiit (%) 



Gornmon name 

F(>rmulati«)n 

expts. 


1. 

2,4 d) sodium salt 

WSP 

Fc'rn oxone 

80 

2^ 

2,4-1) dimethyl amine 

wst:; 

Weedar 93 

72 

3. 

Ala( blor 

KG 

La.sso 

50 

4. 

.Machlor 

GR 

Lasso 

.5 

5. 

Asulam 

KG 

Asulox 40 

40 

(). 

Buta< hlor 

i:g 

Machete; 

.50 

7. 

Hntachlor 

i'.K 

Machete 

50 

a. 

Dalapon 

WSP 

De^wpon 

85 

9. 

Diuron 

WP 

Karrnex 

80 

10. 

Dow 290 

KG 


30 

11. 

(dyphosatc 

WSG 

Roundup 

41 

12. 

MSMA 

KG 

Ansar 529 

35 

13. 

Nitrofcii 

t;R 

'FGK f Gran- 
ules 

2 

14. 

Oxadiazon 

EG 

Ronstar 

25 

15. 

Oxylluorfcn (RH-2915) 

KG 

(ioal 

25 

1(3. 

Paraquat (dichloride 
sail) 

WSG 

f iramoxonc 

24 

17. 

Siniazine 

WP 

J'afazine 

.50 

18. 

Solubilized glypliosatc 

KG 

— 

4.1 

19. 

Solubilized asulam 

KG 

— 

4 


♦WSP refers to water soluble powder, WSG water .soluble con- 
ccnlrate, I‘G emulsifiable concentrate, GR granules, and WP 
wettable powder. 
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Highlights 

Maximum uptake of soil phosphate by test crop takes place 
from the aluminium phosphate fraction under acid soil conditions. 
An explanation for the delayed response of phosphate in long-term 
Jield trials may lie in the fixation - release characteristics of long- 
term manured and freshly manured soils. The value of residual 
phosphate {potential P) to sustain immediately available phos- 
phate {pool P) under continuous cropping has been emphasised. 
A dimensionless P supply parameter^ which combines potential P^ 
pool P and P buffering capacity of soils, has been found to be use- 
ful for defining the pho.sphate supplying capacity of acid tea soils 
and consequently P uptake by the test crop under continuous cro- 
pping. 

Foliar method of application of trace elements like l^n, Mn and 
B resulted in much higher uptake of these elements as compared 
to soil application method at equivalent doses. Higher effi- 
ciency of uptake of chelated Mn as compared to other forms of 
Mn in soil application method was observed. B to.xicity ivas 
observed at highest level of foliar application, when the crtical B 
level of leaves was between 110- 120 ppm, Chinary clone, (TV^) 
showed higher uptake of Z^i than the Assam clone {TV 
suggesting possibility of obtaining higher order of response from 
Zn with Chinery plants than the As.sarn type in Z^ deficient 
areas. 

Aluminium .mlphate was found to be quick acting for correct 
tion of soil acidity status and its action is independent of the grain 
sizes as well as the textural properties of soils. 

Attempts have been accelerated to establish the relationship 
betiveen various dominant variables {soil and hydrological), 
with the ultimate aim to design drainage system suitable for 
different regions of North Ea.st India. 


SrUDIES ON PHOSPHAl’K 

(a) Changes in phosphate fractions due to ex- 
haustive cropping 

"rh(‘ charii^cs in clifrerent phospiialc fractions due 
to exhaustive cropping with Pennisetum pedicellatum for 
twenty months were determined and these resulls are 
given in Table 4.01. 

Results show tluit in the case of Croup A, with the ex- 
ception of Eastern Dooars soil, the native aluininiurn 
phosphat(‘ fraction was remarkably dt^pleted under ex- 
haustive cropping. The extent of depiction was found to 
be 50‘\,, 40“,,, 30‘’,, and 20“ „ for Darjeeling, Wes- 

tern Dooars, South Bank, North Bank and ('achar soils 
respectively. Depiction of iron phosj)hatc fraction was 
found to b(‘ 00“,,, 30“', and 10“(, for Darjeeling, South 
Bank and North Bank soils respectively. Calcium phos- 
phate fraction generally remained unafrcctcd, with the 
exception oi' Eastern Dooars soils, where a 30“i, reduction 
was found due to exhaustive cropping. Hovvever, Eas- 
tern D(x>ars soils contained double the quantity of native 


Table 4.01. Soil phosphate fractions before and after exhaustive cropping 


Aluminium Iron Calcium 

phosphate phosphate phosphate 
(ppm) (pprn) (ppm) 

Soil type Detaihs 



of soil 

Before 

cropp- 

ing 

After Before 
crop- cropp- 
ping ing 

After 

crop- 

ping 

Before 

cropp- 

ing 

After 

crop- 

ping 

♦Group A 







1. Coarse 
sandy 

loam 

Darjeeling 

335 

lf)0 600 

240 

100 

92 

2. Sill loam 

Kastern 

Dooars 

215 

230 415 

400 

220 

150 

3. Loamy 
sand 

Western 

Dooars 

220 

160 385 

380 

105 

100 

4. Silty loam 

South Bank 

295 

180 6.50 

460 

150 

140 

5. Sandy 
loam 

North Bank 

515 

360 450 

400 

120 

125 

6. Silty clay 

loam 

Cachar 

185 

150 392 

400 

90 

100 

♦Group B 







7. Sandy 
loam 

Long-term 
Lxpt, Borb- 
hetta 10."). 

No Phosph- 
ate 

310 

195 130 

180 

60 

85 


45 kg/ha 
1*20, 

445 

330 340 

300 

110 

95 


90 „ 

4!)0 

305 400 

260 

192 

105 


180 „ 

840 

508 490 

300 

200 

120 


♦Group A : Soil with no phosphate residues from past manuring. 
Group B : Soil with phosphate residues from past manuring since 
1 %(). 


calcium phosphate as compared to all other soils in the 
group. 

Tn the case of long-term phosphate manured soils un- 
der Croup B, exliaustivc cropping resulted in depletion 
ol' all the three phosphate fractions. Aluminium phos- 
phate fraction depleted by about 40% in case of both 
unmaiiunxl and manured soils, whereas in the case of 
both iron and calcium phosphate similar magnitude of 
reduction was observed only with the higher levels of 
phosphate manuring at rates 90 and 180 kg PjOg/ha. 

It is seen that adsorped or loosely bound phosphates 
in any of the three forms can scrvti as potential sources 
for supply of phosphate to the test crop under continuous 
cropping, although maximum release takes place from 
aluminium phosphate fraction under acid .soil condition. 

(b) Adsorption Desorption relationship of soil 
phosphate 

Adsorpted or potentially available phosphate is 
the amount that could be withdrawn from the soil solid 
surface into the soil solution phase constituting the imme- 
diately available phosphate during the entire period of 
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growth of the plant. Rate of replenishment of pool phos- 
phate from the potential phosphate, however, depends 
upon phosphate buffering capacity of soils which is go- 
verned by the physico-chemical properties and the 
amount of phosphate that have been accumulated as 
a result of past manuring, 'rhus to gain an insight 
into phosphate availability problem, it is necessary to 
know the adsorption-desorption characteristics of our 
soils, and to find out whether soils differ in releasing 
adsorped phospha te . 

All the six soils under Group A (mentioned earlier) 
and two other soils from long-term manuring expcrirnetits 
were used for finding out maximum P adsorption values 
and the extent of its desorption under identical labora- 
tory conditions. Aliquot portions of each soil were treated 
with known quantity of phosphate (500 ppru P or 1,150 
kg P 205 /ha) and shaken with 0.01 (M) GaClj (soilrsolu- 
tion rates as 1 :20) for different periods upto 24 hrs. at 
two hourly intervals. The amount of phosphate 
adsorped at different intervals was determined and time 
required to attain maximum adsorption was found out. 
'Phe soils with maximum adsorped phosphate were again 
used for the purpose of estimating cumulative desorped 
phosphate by shaking with 0.01 (M) CaCl^ over equal 
time periods as was required for attaining maximum 
adsorption. Results of adsorption-desorption kinetic 
studies arc given in Table 4.02 


Table 4.02. Maximum phosphate adsorption capacity and cumulative deso- 
rption of phosphate of ref^ional and lon^-term manured soils 


Soil typr 

Region 

Time Maxim- Cuinu- 

(hoLirs) mum ad- Percen- lative 
to attain sor|)ed tage ad- desorp- 

maxim- phosph- dsorjjetl c*d pho- 
um ad- ate sphate 

sorption (ppm) (pptn) 

Percen- 

tage 

de.s<)rp- 

ed 

♦Group A 

1. Coarse 
Sandy 
loam 

Darjee- 

ling 

13 

316 

69 20 

(> 

2. Silly loam 

Eastern 

lOooars 

20 

461 

93 39 

8 

3. Loamv 
sand 

West(‘rn 

Dooars 

16 

391 

79 2« 

7 

4. Silty loam 

.South 

Bank 

19 

162 

92 31 

7 

5. Sandy 
loam 

North 

Bank 

23 

434 

87 29 

7 

6. .Silty clay 
loam 

C’achar 

16 

451 

90 39 

9 

♦Group B 

7. .Sandy 

loam 

Long- 

term 

k'.xnt. 

Borbhetta 

43 

24 

\m 

38 60 

32 

11. Sandy 
loam 

I .ong- 
term 
E<pt. 

B >rbhrtta 
105 

11 

174 

35 30 

17 


Group A soils with no phosph.ato residues from past manurimr. 
„ B soils with phosphat<‘ residues; in expt. 43 from 1930, 
1 12 kg P20B/ha and in expt. 10.3 from 1960, 90kg PjO.-, 
/ha. 


It is seen that time required for maximum adsorption 
of added phosphate by soils varied Ix'tween 13 to 24 hours, 
and maximum quantities of phosphate adsorped varied 
within a narrow range Ijctween 34() to 464 ppm in the 
case of soils under group A (i.c. without past phosphate 
manuring history). Amount of' added phosphate ad- 
sorped by regional soils (Group A) varied between rough- 
ly 70 to 90 per cent. Soils with fine texture (2, 4 and 6) 
showed comparatively higher phosphate adsorption ca- 
pacity than the coarse textured soils (1 and 3), which 
means that |)oteniial phosphate will build up faster in 
former group of soils compared to the latter ones at the 
same, level of manuring. As percentage desorption of 
the potential (adsorped) phosphate varied little (6-9 per 
cent) between the regional soils (sec column 7), it is ex- 
pected that the potential phosphate (residual) of fine tex- 
tured soils will l)e able to replenish the pool phosphate 
(immediately available) for a longer period to meet the 
plants requirement. 

In soils under group H (i.e. with past phosphate 
manuring history), maximum adsorption of freshly added 
phosphate was found to be only 180 ppm approximately 
which works out to be 36 per cent of the added pho.sphate. 
'rhe lower adsorption capacity of these soils is due to accu- 
mulation of phosphate residues from past manuring or, 
in other words, lower phosphate buffering capacity of the 
long-term manured soils. Quantities phosphate desor- 
ped, on the contrary, was found to be very much higher 
in these soils as compared to the group A soils without 
P resid:i<\s from past manuring. Percentage desorped 
phosphate was double in case of B.105 soil and about 
four times in case of H.43 soil compared to Group A soils. 
This shows that the rate of release of freshly added phos- 
phate from potential phosphate source to pool phosphate 
is much faster in long-term manured soils than unmanu» 
red soils in the past, rhe practical implication could be 
that by judicious and continuous manuring phosphate 
buffering capacity of tea soils can be altered and, as a 
result, potential phosphate (adsorped) can be made avai- 
lable at a faster rate for replenishing the pool from where 
instantaneous uptake by plant takes place. An explana- 
tion for delayed response of phosphate in long-term held 
trials may lie on the adsorption-desorption characteristic.^ 
of tea soils with high acfsorplion capacity. 

(c) Supply parameter of phosphate in soils and 
its relation to phosphate uptake by test crop 

In this study all the eight soils as mentioned ear- 
lier (six regional and two long-term manured ones) were 
used. Thc.se soils received phosphate dressings at 0, 
60, 120 and 180 kg PjOr^/ha respectively and were ex- 
haustively cropped with Penniselum pedicellaLum in pots for 
a period of 21 months. At the end of the cropping pe- 
riod .soils were taken out of the respective pots and uti- 
lised for working quantity (q) — intensity (c) relations by 
adding 400, 800, 120:) and 1600 ppm P and shaking for 
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10 hrs under laboratory conditions. 'Ehe a Jso -ped phos- 
phate in soils (q) and the soil solution phosphate concen- 
tration (c) were estimated and their relations worked out. 

The q vs c relations of different tea soils were found 
to obey the well-known Langmuir-type adsorption equa- 
tion : 

q : KjC/Kjd-C, where q =quantity of P adsorped per 
g of soil, c— intensity or amount of P remaining in soil 
solution, Kj and K 2 are constants. A general q vs c 
relation of tea soils is shown in Fig. 1, as there was not 
much difference between the dificrent regional soils in 
their q vs c relationships. 



INTCNSITY OF PHOSPHATE C CONCET PaTFON IN 
SOIL SOLUTION) P.P.M. 

Fig 4.01. Quantity intensity relationships of average of 
tea soils. 

The vs c relations of the two soils from long-term 
manuring experiments and unmanured soil shown in 
Fig 4.02. 

From Fig. 2 it is seen that the rate of change of Q ad- 
sorped phosphorus for an unitchangc of C (soil solution 
phosphorus) or the slopes of the curves decrease in the or- 
der B 43 > B 105 > unmanured soils. 

In practice it means tha^ with the withdrawal of soil 
solution or pool phosphate by plants at any one concen- 
tration (c) level, the rate of release of adsorped or poten- 
tial phosphate to replenish and maintain the same con- 
centration level will be much higher in case of long-term 
manured soils than unmanured ones. It is thus empha- 
sised that both pool (c) and potentia (q) phosphates 



r "NSITY OF phosphate < CONCENTPATJON 
IN SOIL SOLUTION 3 P.P.M . 


Fig 4.02. Quantity intensity relationship of long-term 
manured and unmanured soils. 

should be taken into consideration while measuring soi 
phosphate availability to plants. 

I'dirther, a dimensionless soil supply parameter of plios 
pliatc (SP) was calculated from the q vs C relatiorishif 
of each soil included in this study using the cquatioi 
:SP=^AC- /^/KjKg. This parameter combines th 
effects of three ihetors namely, the quantity (q), in ten 
sity (C) and buffering capacity of soil phos])hat{^ ii 
determining the supply of phosphate from .soil to plant 
The objectives were : (a) to test whether supply para 
meter hears a relationship with cumulative desorption o 
potential phosphate or adsorped phosphate (q) as deter 
mined in the laboratory, and (b) to relate the total E 
removed by the test crop Penniseliim pedicellatum to tlr 
calculated values of supply parameter of P and cumu 
lativc desorption of P in different .soils. 

The relations between the supply parameter (SP) am 
P concentration in soil solution (c) for the different soil 
atdilTcrcnt levels of added phosphate are shown ii 
tabic 4-03. 

It is seen from table 3 that both G (soil solution P con 
centration) and SP values increase with the iricreasinj^ 
levels of addition of phosphates to all tfie soils. How 
ever, different trends of increase were exhibited by th< 
unmanured and long- termed manured soils as shown ir 
Fig 4.03. 

Both soil solution P concentration (C) and supply para 
meter (SP) did not differ much between unmanured anc 
long term manured soils upto 1200 ppm level, beyonc 
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Table 4.03 Relation between mffply parameter {SP) and soil solution phosphate concentration at different levels of added phosphate 


Soil 

type 

Region 

400 

ppm 

800 

ppm 

1200 

ppm 

1600 ppm 

C 

SP 

C 

SP 

C 

SP 

G 

SP 

♦Group A 

1 . Coarse Sandy 
loam 

Darjeeling 

21.00 

10.11 

5(i.80 

16.64 

187.80 

30.25 

404.20 

41.37 

2. Silty loam 

Eastern Dooars 

27.20 

12.45 

42.60 

15.58 

171.60 

31.26 

520.00 

54.42 

3. Loamy sand 

Western Dooars 

17.00 

9.60 

77.60 

20.50 

198.60 

32.80 

404.20 

46.80 

4. Silty loam 

South Bank 

24.00 

7.03 

76.40 

16.04 

195.20 

19.97 

336.20 

26.21 

5. Sandy loam 

North Bank 

23.40 

10.09 

62.00 

16.43 

187.80 

28.61 

327.40 

37.77 

6. Silty clay loam 

Gachar 

17.00 

7.78 

109.00 

19.71 

179.01) 

25.25 

421 .00 

38.73 

♦Group B 

7. Sandy loam 

Long-term Expt. 
Borbhetta 43 

17.00 

9.19 

67.80 

18.36 

155.80 

27.80 

125.00 

24.92 

». 

Long-term Expt. 
Borbh<‘tla 105 

12.60 

9.75 

74.20 

23.67 

198.60 

38.72 

240.20 

42.59 


♦Group A soils with no phosphate residues from past manuring. 

„ li soils with r(‘si(lues, expt. 43 from 1930, 112 kg PjOs/ha and cxpt. 105 from 1960, 90 kg P 205 /ha. 



Fig 4.03 Changes In soils solution P concentration (C) 
and P supply parameter (SP) with P manuring 
in long-term manured and previously unma- 
nured soils. 

which with further addition of phosphate the unmanured 
series continued to rise sharply in C- and SP values, 
whereas long-term manured ones failed to show further 
increase. However, from the nature of graphs for both 
unmanured and manured scries (I’ig 4.03), it can be said 
that the dimensionless P supply parameter of tea soils is 
well correlated with the pool phosphate or soil solution 
P concentration. 

It was also necessary to find out the relationship be- 
tween supply parameter (SP) and the potential phosphate 


or the cumulative desorpecl phosphate of these soils (i^Pd), 
in order to ascertain how successfully the SP parameter 
can be used to find out the phosphate supplying capacity 
of the soils for replenishment of pool phosphate (G), 
Highly significant linear relationships with variable slopes 
for the different regional soils were observed as shown in. 
rig. 4.04. 



15 -3 35 

SUPPLY PAUAMETER 


Fig 4.04 Relationship between P supply parameter and 
cumulative desorped phoaphate of soils. 


Further, cumulative desorped phosphate data for various 
levels of P added was also related with cumulative P 
uptake by the test crop. 
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To find out whether supply parameter values satisfac- 
torily measure phosphate supply to plants, cumulative P 
uptake by the test crop from the different soils under 
various P treatments {(), 60, 120 and 180kg P^OJha) was 
next correlated with tlu* supply parameter values of soils 
under corresponding P treatments. Highly significant 
linear relationships were found to exist between supply 
parameter and total phosphate removed by Pennisdutn 
from the different soils as shown in Fig 4.05. 



15 30 45 60 75 

20 40 60 60 lOO^rOR OARJEElING) 

S UPPL Y PA RA ME TER 

Fig 4.05. Relationship between P Supply parameter of 
soils and cumulative P uptake (mg/pot) by test 
crop for 21 months exhaustive cropping. 

1 he I clationships indicate that the point of maximum 
uptake was not approached in any of the four soils. 


The linear relationships, however, siggest that supply 
parameter value is a suitable index for measuring P 
uptake by plant. This conclusion is also supported by the 
significant linear relationship observed between supply 
parameter and cumulative dcsorped phosphate from 
soils mentioned earlier. Evidently, these studies suggest 
that either of these two measurements namely supply 
parameter or cumulative dcsorped phosphate can be 
successfully used to define the P supplying capacity of 
acid tea soils and consequently P uptake by plant. 

(d) Relative availability of different phosphatic 
fertilisers in acid soils 

For the purpose of this experiment, four different f)rms 
of phosphate Superphosphate, Arnonium phosphate, Dic- 
alciurn phosphate and Rock phosphate (Mussorie) were 
used. Phosphate at two levels, viz, 45 and 90 ppm (i.e. 
about 100 and 200 kg P |()5 per hectare) were mixed 
with aliquot portions of a sandy loam soil (pH 4.6), and 
these pre-trealed soils were incubated for varying periods 
of 7, 15, 30, 45 and 60 days under laboratory conditions. 
During the period of incubation temperature was kept 
constant at 30®(’ and moisture was maintained all through 
at 50 p.c. of the total water holding capacity of the soil. 
After respective periods of incubation, the soils wereex- 
tracUxl with Bray-1 extractant (arnonium fluoride; -|- 
hydrochloric acid) for finding out the release; of added 
phosphate in the available form. Soil pH was mcasurt;d 
before and after incubatiem in soil water extract in the 
ratie) of 1 :2.5. Fin; results are given in table. 4.04. 

'I'he results showed that dicalcium phosphate can be; 
used as an alternative phosphate source in place of super- 
phosphate, since its immediate availability was found te) 


Table 4 04. JVet release of added /)hosphate from various P sources at different f)eriods of incubation {data expressed as ppm P-fP,)- 

Foini ol phds- Hate ot P 2 O 5 Feriod of in( iil)ati(.)n (days) and P-release ai'lc r incubation .Average < 

phatc added, ppni 


•nd 


Di-Caleiurn 

phospfiate 

Superphosphate 

Ainmoniiiiti 

Phosphate 

Rock 

phosptiate 


4.5 

90 

4.5 

90 

4.5 

90 

45 

90 




for days 




P. 

released 

pH 

7 

15 

30 

45 

60 



8.2 

8.2 

4.6 

2.3 

3.7 

5.4 

12.0 

4.(i0 

19.7 

15.1 

10.5 

27,5 

26.6 

19.9 

22.1 

4.60 

5.7 

6.9 

3.7 

2.3 

4.6 

4.2 

9.3 

4.. 50 

6.0 

4.6 

6.9 

11.5 

13.7 

8.4 

9.4 

4.. 50 

:T7 

3.7 

1.8 

0.9 

nil 

2.5 

5.6 

4.45 

8.2 

11.5 

13.3 

9.2 

12.8 

11.0 

12.2 

4.40 

1.4 

1.1 

nil 

nil 

8.2 

3.7 

8.2 

4.60 

2.3 

2.3 

nil 

9.2 

15. 1 

pH of imln 

7.2 

•ated soil 

8.0 

4.60 

4.60 


Oiralciimi phnsphatr ( r.Hal availahl,- pl„«phai.- (PsOj) 42.51%; Suprr-phnsplialc ( lolal available PjO. 
Am moniu m ptiosphate (total available P 2 O 5 21.:5:3%; Mussorie rock phosphale (Total PgO., 24.05%).’ 


20.61%); 


be relatively higher and the release of avilablc P fraction 
also remained fairly sustained as compared to the stan- 
dard superphosphate. Immediate availability of rock 
phosphate was found to be the least, although release of 
avilablc P fraction from this form tended to increase 
with high (200 kg P 205 /ha) rates of pho.sphate applica- 
tion after a prolonged period of incubation for sixty 


days. 'Fhe release of P from mono-ammonium phosphate 
treated soil was all through lower compared to cither 
superphosphate (SP) or dicalciurn phosphate (DCP) 
at application rate of 100 kg PjOg/ha, but at 200 kg 
the release of phosphate was found to be 
fairly comparable with either D(T or SP. The pH 
status of phosphate treated soils at the end of incubation 
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period remained virtually unaltered at the end of sixty 
days. 

(e) Effect of liming on phosphate transformation 
and availability in acid tea soils* 

A sandy loam soil having pH 4.35 was chosen for 
the experiment. The soil was pre-treated with calcium 
hydroxide at levels 660 (Lj) and 1,000 kg/ha (Lg) as per 
pre-determined theoretical requirement to alter the pH 
by 0.5 and 1.0 units respectively, and incubated for 45 
days at room temperature and at 50 p.c. moisture holding 
capacity. An unlimcd control soil was also included. 

At the end of the incubation period, when desired pH 
levels were attained phosphate was added as potassium 
hydrogen phosphate at rates 0, 60, 120 and 180 kg PgOj./ 
ha to aliquot portions of both limed and imlirncd soils 
and incid)ated as previously for periods of 7, 30 and 45 
days. After respective period of incubation, soils were 
analysed to hnd out the influence of liming on the trans- 
formation and distribution of various inorganic soil phos- 
phate fractions. 

Results showed that lime had practically no effect on 
the water soluble phosphate I'raction (i.c. the pool phos- 
phate). Pre-treatment with lime resulted in significant 
increase of aluminium phosphate fraction at all levels of 
phosphate application, but increasing the level of lime 
from 660 to 1,000 kg/ha (i.e. from Lj to L.,) did not 
significantly increase aluminium phosphate fraction ex- 
cept at the highest dose (180 kg PjOrj/ha) of phosphate 
application as shown in Fig 4.06. 



PHOSPHATE APPLIED Kg/hA 

Fig 4.06. Effect of pre-troatment with lime on the distribu- 
tion of A1 fraction of soils. 

Compared to unlimed soils, lime application at the rate 
of 660 kg/ha (Lj) increased aluminium phosphate frac- 
tion by 150, 62.5, 23.2 and 38.0 per cents at phosphate 


application rates 0, 60, 120 and 180 kg PgOg/ha respec- 
tively. A decreasing eflect of liming on the iron phos- 
phate fraction ol soil had been observed as shown in 
Fig 4.07. 



P APPLIED , KG A 


Fig 4,07. Effect of pre-treatment with lime on the die- 
tribntion of Fe-P fraction of soil. 

Calcium phosphate fraction did not change much 
as a result of liming, with the exception of phosphate 
untreated soil. 

It has also been observed (earlier in this report) 
that aluminium phosphate fraction undergoes maximum 
depletion under exhaustive cropping with a test crop com- 
pared to all other inorganic P-forrns, and, as such, pre- 
treatment of lime can be of help in utilisation of applied 
phosphate from P-responsivc soils. 

STUDIES ON 4 RACE ELEMEN^FS 

(a) Correlation studies between available zinc 
and physico-chemical properties of tea soils 

For this purpose 476 soils from different regions 
of North East India were analysed for available zinc 
(di(hiozonc-NH4 acetate extraction), pH, organic matter, 
finer soil fractions (silt-|-clay) and available phosphate 
(Bray-l) contents. Simple correlation studies showed 
that : 

(i) pH of the soils (varying generally within the 
range 4. 0-5.0) did not significantly influence 
zinc availability, with the exception of Cachar 
soils (which had a wider variation in pH con- 
tent than in other regions), where a highly signi- 
ficant positive correlation was observed. 

(ii) (Organic matter did not influence zinc availabi- 
lity in old allumvium soils of Assam South Bank 
and Cachar and new allumium of North Bank, 
but a negative correlation was observed (signi- 
ficant at 5 p.c. level) for West Bengal soils which 
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arc at least 2-3 times rich in organic matter 
compared to Assam soils. 

(iii) l‘'iner soil fractions, like silt and clay, showed a 
highly significant positive influence on zinc 
availability in all the regions with the exception 
of Darjeeling (where soils are formed in situ). 

(iv) A highly significant negative influence of phos- 
phate on available zinc was observed in case of 
(iachar and North Bank soils. 

Multiple correlations between available zinc and 
soil factors lik(; pH, Organic matter, finer soil 
fractions and phosphate were also carried out. 

'Fhe correlations co dlicients and relative contribution 
of individual soil factor to*vards availal)le zinc are given 
in 'Table 4.05. 

Table 4.05. i'.orreldlinn roe/ficients betivcen nvnilnhle zinc and other soil 
Jailors, and ri-latnr contribution of individnrd soil factor 


Rrlativc ( <»ntrihuti(jri (per rent 




towards 

availahlf 

' zinc) 


Multi- 


Rrgioii 



- - - 



{)le CO- 



pH 

Org- 

Finer 

Avai- 

fotal 

rrelati- 

.Signili 



.inic 

Iraclion 

lahle 


on cor- 

< ancr 



inat- 

(rr 


PtHs 


(h( lent 

I .rvrl 

.South 





— 

— 

- 

Hank 

0.0.'*) 

0.01 

l(i..")4 

0.21 

10.81 

0.4294 


North 








Hank 

0.89 

1 .10 

8. 19 

(i.O.") 

10). 83 

0..")32l 


(’achar 

2.89 

0..'-)2 

27.7.'-) 

11.99 

13. O') 

0.7014 

♦ ♦♦ 

l)(N)ars & 








'IVrai 

0.23 

.').10 

4.97 

1.83 

12.13 

0.3277 

* 

Darj<<ling 0.04 

2.11 

0.80 

0.83 

1.17 

0 2023 

N..S. 


'These (lata show that all the four factors togetlicr 
contribute significantly towards available zinc, with 
the exception of Darjeeling soils. Rc'lative contribution 
of finer soil fraction was found to be the highest, followed 
by available j)hosj)hate content. Organic matter in- 
fluenced in a substantial way only in case of West Bengal 
soils. However, the total contribution of these soil fac- 
tors towards availal)le zinc varied bt'twcn 4 and 17 per 
cent only, with the exception of Cachar where the total 
contribution was found to be 43 jx'r cent. 

(b) Evaluation of clones for zinc uptake efficiency 

I he experiment was carried out with three year 
old clonal plants in pots under green house conditions. 
Four clones viz. TVl (hybrid ), 'TV7 (Chinary), 'TV 18 
(Cambode) and TV 13 (Assam) were included. Pot- 
ted plants were supplied with zinc sulphate at rates 0, 
10, 20, 30 and 40 kg/ha by soil application method and 
at rates 0, 5, 10, 15 and 20 kg/lia by foliar application 
method. 1 he foliar application was carried out in ten 
sprays at fortnightly intervals using spray fluid conccn- 
trationii ofO, 0.5, 1.0, 1.5 and 2.0 p.c. (W/V) respectively. 


The plants were harvested after six months, dry weights 
recorded, and total uptake of zinc was determined for 
individual plants. Results arc given in 'Table 4.06. 

Table 4.06. .'line uptake by different clones with varying levels and methods 
of zinc sulphate application {data expressed as mgjg dry matter) 

♦Ml — Foliar application method and 
M 2 - Soil application method. 

Cloms TV13 TVl IVIB rV7 

ZnS04 kg/ha 


Ml 

Mj 

Ml 

Mg 

Ml 

M2 

Ml 

Mt 

Ml 

Ma 

0 

0 

0 

. 101 

0.101 

0.102 

0.103 

0.115 

0 

.114 

0.119 

0 

.121 

5 

10 

0, 

, 209 

0.117 

0.314 

0.137 

0.334 

0, 

,145 

0.304 

0, 

.181 

10 

20 

0 

.338 

0.158 

0.424 

0.172 

0.400 

0 

.102 

0..534 

0 

.210 

l.'i 

30 

0. 

111 

0.181 

0..534 

0.193 

0.541 

0. 

180 

0.047 

0. 

25t) 

20 

40 

0. 

.")31 

0.208 

0.575 

0.219 

0..504 

0. 

239 

0.()9() 

0. 

2(i9 

Mean 

of 












Uve 

Is 

0. 

330 

0.1.53 

0.390 

0.105 

0.403 

0, 

109 

0.471 

0, 

.2(K> 


Mean of melli<Hls Mi (foliar) M,(soil) 

O.-KK) 0.173 

C.V. p.( . f).a7; C.D. at 5% for done 0.012; C.D. at 

for method 0.008; C.D. at for zinc 0.014. 

I'Vom lalde 4.06 it is seen that uptake of zinc varied 
significantly (P <0.001) between different clomps 
under both tin; inellKxls of application of zinc 
sulphate. Uptakt; decrcastxl significantly in the order 
'TV,>'TV,3-'TVi>'TVi3. 

r 



ZINC SULPHAT': APPLIED, KC/KA 

Fig 4.08. Comparison of ainc uptake by clones with in- 
creasing levels of zinc by soil and foliar 
method of application. 

Fig. 4.08. shows that chinary clones ('TV^) have higher 
rccpiirement (uptake)of zinc than the Assam clones (TV^ ) 

and, as such, in zinc deficient areas Chinary clones 
arc likely to show a higher order of response of applied 
zinc than tlic Assam type of clones. 

Foliar method of application resulted in much 
higher zinc uptake than soil application method in all 
the clones as seen in Fig. 4.08. Even at double the doses 
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of application of zinc sulphate in soil as comparcil to fol- 
iar method, total uptake by clonal plants by former me- 
thod was less than half of the amount absorbed by the 
plants under the latter method. 

(c) Studies on the uptake of boron and manganese 

A pot experiment was carried out in glasshouse to 
study the uptake of foliar and soil application of manga- 
nese and boron by 18 months old clonal plants. Plants 
were grown in a sandy loam soil having 150 ppm total 
Mil, 2 ppm water-soluble Mn, 4 ppm exchangeable Mn 
and 10 ppm reducilile Mn. Plants receiving foliar app- 
lication of Mn and B were gniwn for six months, and 
those receiving soil application of Mn, B and ED PA were 
grown for one year. I'reatments were as follows : 

i) Manganese, soil application 

Manganese sulphate (MnSOI. 21120) kg/ha 

: 0, 10, 20 and 40 

„ .. mg/pot 

: 0, 40, 80 and IGO. 

ii) Manganese -fNa-Salt of EDTA, soil application 


Kg/ha manganese 

KD'fA ppm 

sulphate 


0 

33.5 

10 

33.5 

0 

67 

20 

67 

0 

134 

40 

134 

Manganese, foliar application 

Per cent (W/V) manganese f 

ailphate 

Kg/ha 

(in ten sprays, fortnightly 

: 0, 1, 2 and 4. 

inKu’valsj 

: 0, 10, 20 and 40. 

Boron soil application 

Boric acid (H, m,) kg/ha 

: 0, 1, 2, 4, and 6. 


: 0, 4, 8, 16 and 24 

Boron, foliar application 

Per cent (W/V) boric acid 
kg/ha 

: 0, 0.01, 0.02, 0.04 
and 0.06 

(in ten sprays at fortnightly 
intervals) 

: 0, .1, .2, .4 and. 6 


A basal dressing of N, P and K at rates 90, 45 and 1 20 kg 
/ha respectively were given. dVeatrnents were imposed 
about one month after the plants were established. After 
harvesting the plants were seperated into three fractions 
viz, leaf, stem, and root, dry weights recorded and 
analysed for Mn and B as the case may be. Ihe effects 


of increasing doses of m ing.mese applicatio i in soil, 
either in combination or without EDPA, on the total 
uptake of Mn by the plants are shown in table 4.07. 


Table 4.07. Effect of soil application of rnanjfanfsf, and manqanexe plus 
KiyfA on total Mn uptake 


ManRaiK'sr 
addrii, Mn 

.Sixliiinj Kl) 1 .\ 
added, ppni 

ManKanrsr uptake 

in^/plaiit 




Leaf 

Stnu 

Root 

lolal 

PAR I' A 

0 

Nil 

12.02 

3.23 

2.93 

10. 10 

10 


14.2.') 

t.io 

3 . 30 

22.1)3 

20 


10.33 

3. 13 

3.00 

23.34 

•to 


19. 1.3 

ti.l3 

4.00 

29.31) 

Mran 


13.49 

4.ti3 

3.49 

23.03 


. - - 

— 

— 

„ . . 

— - 

PAR I' B 

0 


12.07 

3 . .30 

3.41 

19.. 30 

10 


14.93 

4.33 

3.49 

22.73 

0 

07 

14.43 

4.40 

3.33 

22.30 

20 

07 

10.33 

3.00 

3.93 

20.14 

0 

134 

14.43 

4.. 39 

3.79 

22.01 

10 

131 

21. .32 

().32 

4.33 

32.37 


C D. at f>'’o 
.. 1% 

0.33 

0.73 

0.33 

0.43 

0.010 

0.923 



Manganese application alone at 10, 20 and 40 kg Mn/ 
ha resulted in 20, 10 and 60 per ceni higher Mn uptake 
per plant respectively compared to those not receiving 
manganese. 

FdXPA further increaseil Mn uptake in various [ilant 
fractions at all levels of application ol' Mn. Plie increa- 
ses due to KD PA ovr.r Mn alone (compare part B with 
part A) were 5, 1 1 and 1 1 percents for 10,20 and 40 kg 
Mn/ha application ratios respectively, thcreliy indicating 
higher clliciency of uptake of chelated manganese com- 
pared to other forms of manganese. I'ig 4.09 shows that 



manganese applied as manganese sulfate ,K«/hA 

Fig 4.09. M>nganeA» aptak« by various plant fraction* 
with application of Mn in aoil. 
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Mri uptake by leaves is at least three to four folds as com- 
pared to stem or nxjt. 

Manganese uptake by diflerent parts of tea plant un- 
der foliar application method also increased significantly 
and progressively with increasing levels of Mn applica- 
tion. However total uptake of manganese by plant with 
foliar application method was found to be remarkably 
higher compared U) the soil application metluKj as shown 
in Fig 4.10. 



Fig 4.10. Cemparison of manganese uptake by tea from 
soil and foliar method of application of 
manganese sulphate. 

Total uptake by the whole jilant under foliar aj^plica- 
tion method increased by 18, 48 and 65 jicr cent over 
soil application metluxl for rates 10, 20 and 40 kg 
Mn/ha respectively. Mn toxicity was not exhibiUxl by 
the plants even at the highest level of' mangane.se ap- 
plication (i.e. 40 kg Mn/ha) both by soil and foliar 
metluxls. 

'fhe effects ol' increasing doses ol' boron application in 
soil on the total uptake of boron by plants are shown in 
Table 4.08. 

Boron uptake increasexi progressively in all the three 
plant fractions with increasing levels of application of 
boron in soil. 'Eotal uptake of boron per plant increased 
by 60,90/120 and 170 per cents compared to control for 
rates of aj)plication 1,2,4 and 6 kg B/ha respectively. It is 


Table 4.08. EJject of soil application of boron on total boron uptake. 
Boron added as boric Boron uptake nig/plant 


acid kg/ha 



Leaf 

Stern 

Root 

Total 

0 

0.2(i 

0.01 

0. 15 

1.02 

1 

0 . ()3 

0.79 

0.21 

1 . ()3 

2 

0.77 

0.91 

0.23 

1.91 

4 

0.99 

0.97 

0.24 

2.20 

(> 

1.41 

1.05 

0.20 

2.72 

Mean 

o.ai 

0.87 

0.22 

— - 

C.I). at 5% 

0.021 

O.OGO 

0.000 


C.J). at 1% 

0.030 

0.091 

0.085 



interesting to note that boron consent of stem was either 
Jiighcr or about equal to that of leaf at different levels of 
application of boron. 

Foliar application of boron also resulted in significant 
and progressive increase in the uptake of boron by both 
leaf and stem fractions with increasing application rates. 
However, contrary to soil application method, leaf under 
foliar spray contained more boron than their stem coun- 
terparts at various application rates of B as shown in 
Fig 4.11. 



Fig 4.11. Comparison of boron uptake by different 
plant fractions from soil and foliar methods 
of boric acid application. 


Fig 4. 1 1 further shows that foliar applications at much 
lower rate (one-tenth) was as effective as higher rates 
of application of boric acid in soil from the point of view 
of boron uptake by tea plant. At 0.6 per cent concen- 
tration severe scorching was observed after the seventh 
spray schedule, when leaves defoliated. Boron toxicity 
.symptoms observed were irregular brown patches of 
dead tissue starting from interveinal region and ex- 
tending towards leaf margin and curling of leaf blades. 
The level of boron for inducing toxicity was found to be 
between 110 120 ppm. 

EFFECr OF ALUMINIUM SULPHATE ON SOIL 
ACIDITY 

An experiment was carried out in the laboratory to 
find out whether efficiency of aluminium sulphate for 
correction of soil acidity status is influenced by soil tex- 
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turo, particle size of aluminium sulphate and time of re- 
action between soil and the chemical. For this purpose 
three soils helongins to sandy loam, silty clay loam and 
loamy textures having pH values between 3.85 to 7.30 
were treated with aluminium sulphate at the rale of 10, 
20 and 40 tonnes per hectare using two particle sizes of 
aluminium sulphate viz, coarse (granulated) and line 
(powdered) |)articles. I'reated soils wen* ki'pt at room 
temperature' and at 30 p.c. of their moisture hoUling ea- 
pacity, for a i^eriod of four months, and pH was deter- 
mined at fortnightly intervals in soil suspension. 

Results are shown graphically in ligures 12, 13 and 14. 
Fig 4. 12 shows the elfecl of aluminium sulphate on tlie 
cltanges of pH content of various soil types. 


®1 



Fig 4.12. Effect of •luminium salphate on the changes 
in pH content of soil. 

It is seen from Fig 4.12 that bothsaiuly loam and silty 
clay loam soils with initial pH values between 6.0- 6.3 
could bo corrected to pH 3.0 within a very short period 
of four months by application of 10 t/ha aluminium 
sulphate, whereas the loamy soil with an initial pH value 
of 7.4 could not be corrected to pH 3.0 over the same 
peri(xl even with 40 t/ha aluminium sulphate application. 
Kate of application of aluminium sulphate for increase 
of soil acidity thus depends mainly upon initial pH and 
is independant ol' the soil textural characteristics. 

Fig 4.13 shows the elTect of aluminium sulphate 
of dilTercnt grain sizes on the pH content of soils. 
It is seen from Fig 4.13 that the granulated aluminium 
sulphate with coarser particle size is as effective as the 
powdered form with fine particle size for increasing 
acidity content of soil. The coarser form can 
thus be used with economic advantage, provided the 
chemical is well-mixed with soil particles either in the 
planting pits or during the time of ploughing and land 
preparation. 



.13. Effect of grain size rf Aluminium sulphate on 
the changes in soil pH content 


Fig 4. 14 shows the effect of peritnl of incubation of 
aluminium sulphate ireatetl soils on the changes in pH 
content. 

Fig 4.14 shows that the chemical was cpiick acting 
since pH values droppetl sharply within the first fortnight 
of the application of tin* chinnical. pH, however, increased 



TIME IN DAY» 

Fig 4.14. Effect of period of incubation of A1 enlphate 
treated soil on pH content. 


slightly for a period of three months, at the end of which 
the changes in pH values wi're stabilised. I his last ob- 
servation confirms tin* jircsent recommendation that for 
following up correction c)f soil acidity with aluminium 
sulphate in sub-acidic areas, soil samples should he reexa- 
minetl three months after the application of the chemical. 

STUDIFS ON GROUND WA FER DRAINAGE 
PROBLEMS 

'Fhc studies on groundwater drainage include mainly 
the following : 

(iround water table mapping in tea soils of 
North-East Indian region; quantification of the variables 
influencing the design of drainage system; developing 
a functional relationship between different dominant 
variables; developing a suitable drainage design criu^ria. 
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To study the above objectives several experiments have 
been taken up. 

(a) Water Table Mapping 

'Fhe work o i groundwater table investigation lias 
been extended to several gard(^ns. It is proposed to ex- 
tend thfs study further. 



Fi |5 4 .15. Obscrvaiion well lor Water Table measurement. 

A set of obscrvaiion wells assliovvn in Fig 4.15 was ins- 
talled in 50 sites to study the groundwater lal)le. 'I'he 
water level in tlic obs(‘rvation wells installed at various 
spaeings in tla; lields was reeordcxl niaruially with the help 
of a plopper. Fhe data were tluui used to d(welop the 
water table proliles. Fhis information will heJp in selcc- 
ling a suitable lyj)e of drainage system neetled for a given 
area and help in evaluating a suitable drainage design 
criteria . 

(b) Pipe Drainage Experiment 

'Fhe pipe drainage experiments have Ixren laitl out 
in Ilunwal, Haroocharai and Mogulkata tea estates 
during the year 1078-79. 

The results obtained frvun the above experiments 
are being compared with the results from a comparable 
section liaving conventional dreinge system in the respec- 
tive estates. 

'Fhe soil from the experimental sites is being ana- 
lysed for various soil physical properties. Some results 
obtained from Haroocharai F.E,. (Section No, 25B) are 
presented in tables 4.09 and 4.10. 

The results show that the soil of the experimental plot 
falls in the category of loamy sand type. A dcser layer 


Table 4.09. /'aM uzf distribution of soil in the Experimental Field 
[Haroocharai T.E., No. 2.5 B) 


SI. 

No. 

Depth if .soil 
.sampling, cm 

Sand % Silt % 

Clay % 

Textural 

classiHca- 

liori 

1 

0— 45 

80 17 

3 

Loamy 




Sand. 

2 

4.5— 90 

74 22 

4 

Loamy 




sand. 

3. 

90-135 

77 18 

5 

Loamy 




s;md. 

4. 

135 180 

73 23 

4 

Loamy 



sand. 

5. 

180-210 

72 24 

4 

Loamy 

sand. 

Table 4.10. Soil phys 

ical properties in the Experimental Field 


[Harooihnrai 1 .li. Section .Mo. 

.Soil texture — Loamy sand. 



.Soil particle density 2.55gm/ef. 


SI 

De pth c*i' 

bulk den- Fi(4d 

'Total 

Drainable 

No. 

sampling < tn. 

sity gin/cc Capacity 

[X)r()sity 

por(.»sity 

1 . 

0 45 

1.4() 21.0 

44.9 

15.2 

2. 

45 - 90 

1.53 19.3 

42.3 

15.0 

3. 

90 -135 

;..55 19.1 

41.5 

14.5 

4, 

135 180 

l.()8 11). (i 

30.0 

12.0 

f). 

180 210 

1.08 18.3 

30. () 

10.0 


,\\ c rage 

1.58 19.0 

40.4 

13.5 


(iK'arly clay) was present al)()ut 5 metn's below ground 
lev(*I. 'Fhe bulk density varied from 1.46 to 1.68 gnFcc. 
'Fh(‘ (ield capa(uty nmisture conKiit varied from I().6'*(, 
to 21. Flu‘ drainable porosity was found to be vary- 
ing from 10.()'\) to I5.2'\, wlitu'cas the total porosity va- 
ried from 56.6'‘,) to 41.9'’,,. Fhe topography was n(‘arly 
Hat. On tli(' basis of the perm(Ml)ility the drainage 
systems w<“re designed and wert" laitl out in the above es- 
latt's. ’Fh<! details oi’ the pipe drainage experiments are 
given in tabh' 4.11. 


Table 4.11. Ihs ii>ri details of pipe, draina/nr experiment 


1 

Lslate 

'-x|)erinicnt 

Control 

al area/ ha 

Under 

length 
of pipe 

Drain 

Drain 

Bed 


plot 

pipe dr- drains 

spa( ing 

ch'pth 

slope, 



ains 

n). 

111. 

in 

per < rut 

Hunvval 

0.5 

1.5 

312 

39 

1.5 

0 2 

Haroocharai 0.5 

0.7 

194 

40 

1.2 

0.2 

Mugulkat 

a 0.1 

2. 1 

3ti0 

32 

1 .5 

0.2 


Additional Points 

1. Each experiment has at least three pipe drains. 
Fhe middle drain is used as experimental drain where- 
as the other two drains are to take care of the boun- 
daiy effects. 

2. The experimental drains arc provided with a stilling 
chamber and a flow measuring device. A 45°V-notch 
weir is designed and fabricated for this purpose 
Fig 4.16. 

3. A minimum of 8 cm thick layer of gravel envelope 
(graded gravel 3-9 mm in size) is provided around 
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Am l9CM(DfSI6»\|0 FLOW MAXIMUM^ 

A- r3»A..| Sh 19 - 21*9CM^Mmi} 
t*K«rO> 19 • 90*0CM (MiMlj 

Y • ^/2 ^ ) I v> 2 CH 

^. 49 * 

Fig 4. 16. Design details of 45“ V-Notch weir for 
run-off measurement. 

all the pipe drains to provide belter iidlow eonditioiis 
and slop entry ol fine materials into the drain j)i|)(‘s. 

4. Slotted PVC; pipes 3 m in 1 engtii and 9 cm inside* dia- 
meter are use'd for drains. 

(c) Optimum depth of water table 

.V ti(‘ld ex|)t‘riment on (^valualieni of the* (►ptimiim 
de|)th of vvat(*r table* lias b(‘(*n laiel out in I'oeklai text 
e;states with tlie i'ollowins^ main e)bjeclives : 

(i) I'o slneh' the e'll’eet of varie)us ele*pths of watcT 
tal)le on the crop yielel. 

(ii) be) evaluate* the* e)|jtimum de*j)tli e>f walea’ table* 
beleiw the* soil surface to proeluee! e>j)limnm 
yields. 

J'he particle si/e elistribution of the* se>il was elete-rmineel 
by analysing samples taken rande)mly from live le)catie)ns 
at a de^ptli increment e)f 4.5 cm upto a total de‘pth of 210 
cm. Idle data are presented in table 4.12. The elata 
show that the soil iipte) a depth eif 45 cm was loamy sanel 
whereas the soil bele)w 45 cm was eif sandy loam type. 


Table 4.12. Partkie size distribution of soil in the experimental plot 
{Torklai T.E., Section No. 2) 


SI. 

No. 

Depth of soil 
sampling ( in 

Sand 

/O 

Silt 

o/ 

/o 

Clay 

<»/ 

, o 

Fcxtural 

classification 

1 

0— 45 

HI 

14 

5 

Loamy sand. 

2 

45 - 90 

71 

21 

5 

Sandy loam. 

3 

90-135 

68 

28 

4 

.Sandy loam. 

4 

135__180 

68 

2(i 

6 

Sandy loam. 

5 

180—210 

67 

28 

3 

.Sandy loam. 


Varie)us se>il physical prevperties e)f the se)il in the 
exjierimental pieit were analy.st'd using the standard 
pre)ctx hire's. I’he* results are presentexl in table 4.13. 

Table 4.13. Soil pbs'sual properties in the Experimental plot 
{liHklai T.E.). 

Soil tt'xtnre s.indy loam. 

Density '2.. '>5 gm/re. 


.SI. 

i )c'|)(h <»( soil 

Hulk 

Field 

I’otal 

Drainable 

No. 

sampling 

cm. 

density 

gm/cc 

capacity 

j)oiosity 

jjorosily 

/t) 

1 

0 15 

1.50 

15.03 

41.17 

18.10 

2 

15 90 

1.51 

15. (►a 

40.78 

17.08 

3 

90 135 

1 .51 

17.18 

10.78 

15.. 58 

4 

135 180 

1 . 52 

It). 85 

10.39 

15.. 59 

5 

180 210 

1 .54 

18.84 

39.60 

13. ()0 


.\\ trage 

1 .52 

l(i.72 

10.54 

13.99 


d'he* elata pre se'iite'd in tallies 4.13 sheiw that the bulk, 
of the* seal varieul iVom 1.50 to 1.54 gm/ce*. I’he (iekl 
capae ity varie*el Ifeim 15.03 te) 10. Hd p(*r emit. 'I’he total 
jieirosity varieel from :l9.(j to 41.17 pe'rceait, whereas the 
drainable* porosity varieel from 13. (i to 1H.2 jier cent. 
'The* impe'rmeable* layer eoulel not be locate'd Ujito a depth 
of 4 m anel we; eoulel n()t go beryemel 1 m bec ause e)l the 
limitation of the* e(jui|)mt;nt available;. re*ntative*ly, it 
is assunu'ei that the impi;rmeable lay(*r in the (;xj)erimen- 
tal i)le)t exists at infinite elepth. 

In this e'xperimcnt .i total numbe*r of nine; pipe elrains 
have* b<‘e*n laiel out at a fixed elejilli of 1.5 m Ix'low the 
seiil surface. I his (‘xperimt;nt is elivith;d into 3 parts. 

( lase; 1 — ’I'lire'e* j)ipe‘ elrains e;ach 75 m lemg are; aliel 
at 23 m spae ing. 

,, 2 riire e; pipe elrains e;ach 50 m long are; laiel at 
35.5 m spae ing. 

,, 3 - rhre;e |)ij)e elrains (.*ae h ()1 m leing are laiel at 

4() m spacing. 

I hus the elrains installexl at a fixed el(;j)lh but variexl 
spae.'ings will control the wat(;r table; at elifle;n;nt elepths. 

All the; pipe; elrainage; exp(;rime*nts laiel e>ut in I lunwal, 
Hareieicharai, I’oeklai anel Me>gulkata le;a e‘state;s will be; 
ceintimied for a minimum perie)d of thre'e; ye;ars. I he; 
observatiems reegarding the; drain elischarge rate; anel wate;r 
tal)le; e einfiguratiejns will then be; use; 1 te) ele;vele)j) the* prac- 
tical r«;commeridations regareling drain elepth and spacing 
for difre;rcnt are;as. 

(dj Development of cheaper concrete tiles 

'I'lic PVC; pipes currently being used for drainage 
purpo.scs arc epiite expensive i.e. abeiut Rs. 16/-per metre 
and are not readily available as and when nt;eded. A 
prfjj(;ct has beien taken up to develop a cheaper material 
for drainage. A mould has been designed and fabricat(xl 
at Tocklai to cast the concrete tiles of 12.5 cm inside dia- 
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meter and 30 cm in length. The concrete tiles are being 
tested for tensile strength, crushing strength, and water 
absorption etc. Ihe draining performance of such tiles 
will then l)e in the field condition. For this pur- 

pose an experiment has been initiated at Eorblictta T.E. 
tills y(Mi% 

((') Pump Drainage Experiment 

'I’Ik* j)ijmp clrairi;it;c experiment at Fiaroocharai 
^JMC. laid out in I97f)-77 is in progress. I'his year the size 
of the reservoir near pumping unit is almost doubled con- 
sidering the requirement of the increased area under 
drainage. 'I'he main collector drain has been 
deepened further to carry the larger amount of 
flows. A brick retention wall is also provided to 
avoid the side collapse of the collector drain at 
a .sharj^ turning point. 


7 wo more experiments on pump drainage h 
Khongia and Lengrai T.Es. laid out during J977-78 are 
being continued. Results of these pump drainage ex- 
periments are awaited. 

RESEARCH AND ADVISORY SOIL ANALYSIS 
A total of 51,000 soil and plant analysis were carried 
out during the year. The break-up is as follows : 
Research : 10,000 estimations. 

Advisor)^ : 41,000 estimations. 

METEOROLOGICAL DATA 
Meteorological observations were carried out through- 
out the year in six class “A” observatories, namely 
'I'ocklai 'I'liakurbari, Silcooric, Nagrakala, Gungaram and 
Nagrifarm stations. Data have been processed, E.T. 
values by Penman’s method calculated and summa- 
rised in Appendix D of this report. 
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Highlights 

(7) One standard clone TV 24 with hi yield potential and 
good cup-quality was released to the industry during the 
year. 

(2) Five biclonal seed stocks found to he superior in yield and 
cup-quality are likely to be released in near future. 

(.7) Afore than 500 genetic stocks urre propagated for ^erni- 
plastn preservation and evaluation trial. 

(4) Photosynthetic taxonomy indicates tea to be a type of 
plant, i.e. genetically less ejficient user of photosynthetic 
inputs like light and CO.^. 

(5) Translocation studies of photosynihates using (2 ^ isotope 
indicate developing fruits and flower buds to be strong sinks. 

(6') Large-scale field trials indicate 0.(P\, increase in yield of 
made tea {dry matter content of plmked leaf ) as plucking 
ivas delayed from 7.50 a.m. to 11.00 n.m. and a further 
increase of between 11.00 a.m. to 2 p.m. LS I . 


PLANT impr()vi:mi:m 

Preservation of tea germplasm 

riif collrdioii ()(' lea germplasm al locklai eoiisisls 
ol diverse genetic materials, more than liv(“ Imndred 
slocks, ol which 102 are seed slocks and 424 art* ( lonal 
]3rogenies of eidlivalcd and wild Caniellia speeit's. Be- 
sides these, a few j)olyploid slocks of lea and a few other 
related species ol Camellia are also being maintairual in 
the collection. Al |jresen( all tliese stocks are sealten'd 
indillerent areas at 4’ocklai and Borbhetta. To (‘vahiate, 
preserve and utilize the germplasm collected over lie* 
years, a project was undertaken in 1978-79 to proj).igat(‘ 
about 500 genetic slocks and evaluate them for ro >ting 
ability before planting them in a long term germplasm 
evaluation trial. 

Biclonal stock trial 

4'hc seven biclonal stocks under long-tv’rm t'i d al 
Pocklai (Amrual Report 1977-78, p.39) c )m olelcvl live 
years of testing for yield and quality. Of these, live 
stocks have performed signilicantly better lha i the stan- 
dard varieties l ocklai stocks 208 an I 449 ( Ihible 5.01 j. 
The increase in yield of the ])romising stocks varicvl be- 
tween 19.37 to 40.18 per cent over l ocklai biclonal stock 
449 for the liv^e years period and they were a I par with 
locklai stock 449 in cup quality. 

A decision for release of the promisiiig I’ocklai stocks 
is expected to be taken by the end of 1979 when the trial 
will x:omplete two priming-cycles. 

Out of the live micro-seed b iris established recently 
(Annual Report 1977-78, p.39), three are expected to 
produce sullicient .seed next season for long-term and re- 
gional trials. The two seed baris established last season 
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are exj)(‘cl(*d to jiioduce enough seeds lor lielil lii.d by 
1980-81. 

Polyploidy Breeding 

l'lu‘ diseovers of a number of ain'iiploid and polyploid 
jirogeiiies of locklai stock !198, which catn(‘ Irom a Iri- 
ploid tea plant stock 28/2, was reported earlier (Annual 
R<*porl 197()-77, p.32j. .\bout lt)l) seedlings were raised 
from the open-pollinated seeds ol locklai slock 398. 
(lytological invc'stigations show that Oil of the progenic's 
are triploids (2n — 45), two tetraploids (2n —(>')), two pi'ii- 
taploids {2n —75), ihri'c aiieuploids (2n'^42) and tin* rest 
ar(‘ diploids {2n — 30). I'ln'se progcniies wdl be (‘valu it<;d 
lor cup-(iuality and yield. 

The triploid an<l letrajiloid plants ol l o -klai slock 398 
were gernnally poor in their eu]) (juality. l’h(“i‘efore, 
hybridization belw(‘en the teli.iploid stocks and high 
(juality diploid clone's like I Vl and rV3 and (Ihinery 
t loiK' 4 V'7 wc'i'C' undei taken from 1973-71, to pi’o duc'c* 
high (juality, vigorous trijiloids. (Annuid Rc'port 197!l- 
74, 1974-75). .\ll the jn’ogenies Irom the se crosses wetv' 
found to be tiiploids and of good vigom. I’Or (jiiick 
evaluation, these jnogenies were* gialled on mature biishc's 
during 1978 and 1979 lor pi’oduetion of sulheic'nt cuttings 
lirr jilanting in long-term tihals. 

.\t jrrc'sent a total of 118 jjolyploid slc> ks are being 
maintained at l ocklai repr{*s(*nt(*d fry more th in 290 
living jilants ( I able 5.02). Detailc* 1 studies on these* 
stocks are in j)rogi'<*ss for their use in lulure brv'eding 
schemes. 

Table 5.02. t*n\fnl slalu't of fiolvfiloid Uw/o mainffnii 't/ nf I ti ktai. 

Class .No, *>rslf)e:ks Ncj. ( .F living j)!iinls 

I’riplejids 
'IVn'aj>l<»i(ls 
Penlajiloiels 
.Vricuploiels 
()lhe*rs 


I '.^4 


2 

12 

1 
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Selection of Vegetative Clones 

Ihiririir thr List 10 years from 1960-69 to 1976-77 a 
loJal of 296 clones were selected for roolini^ rrial, out of 
which 134 clones were planted under 12 loiif'-terni 
trials, 'rims an average o/’about 30 clones were selected 
per year lor rooting trial out of' which about 13 clones 
were taken to the long-term trials each year. 

(Jut of 134 clones under twelve long-term trials, two 
trials with 24 clones were completed earlier, from which 
.six clones viz I'V 18, TV 19, 'IV 20, I V 21, TV 22 and 
rV 23 were lelcased between 1970 and 1976. 
One more ( lone 'I’V 24 was selected for release in 1979. 
Rest of the clones ^are under various stages of trial as shown 
in table 3.03. 


Table 5.03. Status ( 

>/ long-term 

donal 

trial 





Promising 





clones 


5’car »>r oliri 

.\o. ol 


. - - 

, 

olantiiiL; iais j)l<'ui* 

clones 


I’encnl yield 


l<'(l 

((•sled 

No 

in< reuse 

Remarks 




over ( ontrol 


!?)(/.) I 

If) 

4 

l.titilo 5.43 

Released 
asTVia, 
I'V 1 9 and 
4'V20 

I!)7() 1 

9 

3 

a. 91 (o 17. 10 

R<4ea.sed 
as rV2l, 
rV22 and 
rV23 

MI71 

39 

la 

0.40 to 19.21 

One clone 
rV 24 se- 
lected for 
release 

1973 3 

37 

10 

2.8(1 to 25.00 


197") 1 

H 

1 

3.t)(i 


1970 3 

l(i 

1 

0.93 


Total 12 

134 

37 

_ 



Release of Vegetative Clone TV 24 

'I'V 24 is a standard clone, having Iiigh yield potential 
with good cup-quality. 4'hc characteristics of the clones 
are given below : 

(Category : Standard clone 

Cirowth : Fast growing, 

vigorous 

Frame : Moderately spreading 

Leaf type : Light-leaf, .semi-erect, 

medium size 

Shoot size : Medium 

Pubc.scence : Medium 

Rooting : (iood 

Yield : Above average 

Quality : Ciood 

Order of prefer- : ( '.'F.C.., orthodox 

ence to manu- 
facture 

District Selection Scheme 

4 he clonal selection work in the tea estates was con- 
tinued during the year, Tlie area surveyed in different 


noN 

districts and number of bushes selected during I 9 , ,79 
are shown in Table 5.04. 


Table 5.04. .Xumher of Hones selected in estates during 197 8^7 


Region No. of estates .Area surveyed No. of buslie 

(ha) .selected 

;Vssani : North 



Bank 1 3 

42B 

4BI 

.South 



Bank .3 

94 

111 

Cac/iar I 

79 

27 

An area of approximately 5000 hectares in 101 estates 

has .so far been surveyed under this scheme, from which 

more than 4000 rnollier 

bushes were selected. Follow- 

up measures were continued in all the 

areas. The two 

long-term trials established earlier at 

lleeleakah I’.F. 

and Dahengiapar f.lh ; 

?ire j)rogressing 

satisfactorily and 

seven more (rials were 

established in 

dilferent regions 

during (he year ( fable 

5.05). 


Table 5.05. l.ong-lerm trials of Hones from estate 

sHcction scheme 

Region l’>s(ales 

5'ear of starling .No. of clones 


trial 

trial 

Assam .South 



Bank Heeleakali 

197() 

14 

Assam South 



Bank Dahengiapar 

1977 

9 

V\ . Bengal . 



Darjeeling Balasun 

1977 

G 

W. Bengal 



Dooars ( iai ganda 

1978 

7 

.Assam (ioalpara Mornai 

1978 

8 

,, ,, CIhoil)ari 

1978 

lu 

,, Kamiup Nagrijuli 

1978 

35 

,, Caehar .Naisingpotc 

1978 

31 

,, ,, dhandighal 

1979 

9 


A few more trials arc expected to be established 
during 1979*80 in dilferent regions. 

PLAN T PllVSIOLOCiV 

Dry matter content 

The efl'ect of time of plucking on shoot dry matter 
content was investigated for the last few years and re- 
ported earlier (Annual Report 1970-77, p.35 and 1977- 
78, p.4()-41, Proc. 28th Focklai Conference 1977, 
pp. 46-50). 

Results obtained from the previous investigations had 
shown that dry matter content of plucked shoots, which 
represents the recovery of made tea from green leaf, in- 
creased as plucking wiis delayed from 8.00 hrs through 

11.00 hrs to 14.00 hrs (1ST). 

A large scale field experiment was conducted this year 
in a .section of mature FVl and J.T.Ci.L. 33/52 clonal 
teas which were left unprimcd during last cold weather. 
Fimc of plucking was 07.30 hrs, 11.00 hrs and 

14.00 hrs with six replications at each time. 
Data olitained from this experiment indicate that 
yield in terms of dry matter (i.e. made tea) increases 
when tlu' lime of plucking is delayed from 07.30 hrs to 
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11.00 hrs and beyond, riie (juantiiy of made lea ob- 
tained per hectare tor the experiinenlal period of mid- 
June to end-October al tlie thnn* dilVenmi hours of 
plucking is shown in Fable 5. 00. 

Table 5.06. Ejject of ftluckitiff hour on virld, KM Hi [made leu tn h(:;hu). 



Made lea 

IVoni gi crn 

l<*al in< n asf «>\ rr 

Ckxic 

plnrkc’cl at 

7 . 30 a.m. \ ic ld 


7 . 30 a.rn. 

11. 00 a. in. 

2.00 p.ni. 11.00 a.m. 2.00 p.m. 

I'Vl 

17()2 

1991 

19()() 13.00 11.58 

J.T.Ct.L. 

1237 

1313 

(1.12) 

1122 ().l! 11.9(> 

33/.W 



(8.82) 

Mean 

1191) 

1052 

l(.9f 10.21 13.01 


( 2 . 80 ) 


F(‘r cent increase in yield betweiai Iwo adjaceiu lime 
intervals, 7.30 hrs and 1 1.00 hrs, and 1 1.00 hrs and 14.00 
hrs varied between the two (lones. In the morning 
hours, )ield incn'asc ol 1 \'l was 13 per ( tail comp.irt'd 
to only b percent in ihv J.'f 33/r)2 whertMs in th(‘ 
allernoon hours the ]. F.Cl.L. clone showial 9 per ccait in- 
creast* in yield as against no increase in '\ \ \. It indica- 
tes a (lonal diHertaict* in mobility ol the iihotosynthaU's 
out of the leaves. Based on tlu* average of both th(“ 
clones the increase in yi(‘ld during the two time inter- 
vals, 7.30 hrs to 11.00 hrs and 11.00 hrs to 11.00 hrs 
come to 10",, and 3",, respectively. Fliis agrei's with 
our earlier observations on shoot dry matter content. 

Besides yield, the recovery pta'centage of made lea 
ifom green leaf at the drier mouth an:l the ( u|) eharao 
lers of inadc lea from leaves |)lucked al the tliret* dilliatail 
limes ol' the day were also invesiigalecl throughout the 
season. 1'he mean rexovery ol made tea jxa' 1 00 kg 
green leaf comes to l8.!)2, 18.89 and 20. hO al the three 
dilfta'iail hours ol plucking wlnai both the elones are 
taken together, and per cent incnaise ol made tea be- 
tween the two time intervals will be fi.Fi and 3.57. Flic 
mean valuation given by the threi’ panels ol tasters sho.vs 
that teas I'rom leaves plucked at 1 1 .00 hrs huches higher 
|)rice than the tea manufactured from leaves plucked at 
7.30 hrs, but lliis was not consistent betwe.Mi taste s. 
d’lie dilFerence was 1 3 paise and 59 |)ai.e for 'FVd and 
J.'F.d.r,. clone respectively. Details of' these results are 
being reported by the I'ea 'Fasting Department. 

Seasonal dormancy 

Fo screen (jut the effect of ambient temperature aloni; 
on winter dormancy in tea, experiments were carried out 
under controlled temperature conditions in the growth 
rcxjin during the last few years. R(‘sidt.s obtained from 
these investigations (Annual Report 1 974-75, p.34; 1975- 
76, p.29; 1977-78, p.4l) showed that Hushing could 

be hastened by subjecting plants to mean summer tem- 
perature of 27 ± 2 C in the growth roam from mid- 
winter when dormancy had already set in. On the 


other hand dormancy could Ix' induced ('\’en in sumnxa 
by subjecting j)lanls to a low temperature of a i 2 ( i. 

Based on thesi’ finding> an exjx’iiment was start(‘d to 
find out if winter dormancy (ould lx* jaiawennxl b\ high 
temper.ilun* treatment of plants from the eaily p.trl of 
the wint(‘r s(‘ason. Foi grown plants of doiu's 'F\M 
and 'F\'2() seka led for this e\j)erinu'nl in (wiK .\ovem- 
lx“r were about to comj)l(‘i(‘ tin* last flush of' tin' s(Mson 
and th(‘y becanu' dormant within about a wix'k. ’F(‘n 
plants of t*ach ( lone weic k(‘pt in the growth room liom 
Ith .\ov. 78 to end Idda ii.iiy '79. I he lemj)eralure 

of' the growth room w.is maintained throughout tfiis p(‘- 
ri(xl at 27 i 2 Ci during day and at 20 | 2 C! at night, 
which are comparable to mean day and inian night 
temperatures r(‘specti\ (dy (huing summer. .\nolh(‘r 
group of 20 j>lanls, 10 from eac h of the two c lones wc‘rc‘ 
kept outsidi' the growth room as control. 

'Flu* j)l.uits kc'pt in w.nin environment in the growth 
room started bnd-brc'ak around eaily Iddiruary. Fhis 
incMiis that ih(‘ plants rcanained doiinant hir 12 
wec'ks ev’im mid(a’ conditions of summer lengxuature. 
Fhe control plants k(‘pt outside the growth room in usu.il 
cold wcMihci did not show any sign of bnd-break until 
the cud of Marc h, about 5 weeks after the' plants in the* 
growth room stalled to grow i.e. the donnanc) lasted 
about 1 7 weeks. 

Fhese observations show that winter doiinaney in tea 
cannot lx* completed) overcome by (‘xposing the j)lants to 
optimum t(*m])erature conditions alone. Fhe pcudixl 
of' donnanc y c an, how(*vei\ lx* shortenc'd by sneh IrtNil- 
inent and a flush of gi'owth can be* in(lue(*d about a month 
(*arlier as was observ(*d in our prc'vious (‘xperimcaits. 
It may lx* m(*ntion(*d her(* that during a y(*ar a lea plant 
prcxluced only f()ur flush(*s of growth; it is ran' to sei^ 
five flushes produced. 'Flu* number of llush(*s appears 
to lx* genc'tically controlh’d. 

Phasic growth 

.\ ‘bottleneck’ in the movement of Water and nutrients 
to lh(* apical bud due* to slow devi lojmieiit of the xylem 
tissue* inside a greiwing tea shoot was shown tc^ lx* the pro- 
bable* cause* oi' pe'iiodicity of shexit growth in tea {'fwo 
and A hud. 2f). 1979, pj). 3()-4()). 'Fhe le*ngth of the 

dormant period betweem two suee(*sslve llush(*s was ob- 
served to vary between clones. Fins variation was su- 
ggested to lx* caused by mierptal rates of development 
of' the xylem tissues in different clones. 'Fhe suggestion 
was confirme d this ye*ar by carrying out obsc'rvations on 
four clone s. 

Data in Fable 5.07 show pet ce'nt Increase in xylem 
area per day in unplucked shexits during a period of dor- 
mancy and lengths of the de>rmant perriod of four clones. 

I’hus, there is a strong negative correlation (r= -0.9.51, 

F<r0.05) b(*tw{*(*n length ed' the dormant f)eriod and 

gre)wth rate of the .xylem tissue. However, no ccjirela- 
lion has been obs(*rved |x*t\veen c lonal yield and length 
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Tables 07. /Va cent of xylem area per day in unplucked sfitjols and 

lenyth of dormant period hetiveen mu cewive flushes in four 
(fone\ 


( .lorx* 

Xylxin irx icasr 

Dorman 1 period 


{'!„ per (lay) 

bclwccn flushes (< 

fV 7 


24 

1 Vl(, 

;l4 

22 

IV 2 


20 

TV A 

().i 

IB 


of llic (loriiiaiU [jciiotls of llicir iiiipluckc^d shoots. It 
is possible that r(‘p(*at(*(l nanoval of' the shoots in plucking 
iiiflueru es the normal raO* of xylem development in a 
clone. riiis jK).ssil)ility ie(|uires examination. 

Photosynthetic taxonomy 

rw(Mily clonrs namely TV I to '1’V‘20 were studied to 
exj)lore the possibility (d finding clones of higher photo- 
synthetic eflicieiuy. 

'The l()ll()wing observations were mad(! : 

1. Eeaves of all the cIoik's examimal hav(‘ v<‘ins of a 
lighter coloar as compared to the inlta'veinal areas. 

2. Ihmdle sheath c(‘lls lack chloroplasts. 

Starch grains are absent in the bundle sheath cells. 

1. Carbon dioxide compensation point is more than 
lOO ppm. 

I hese ol)scrvations confirm tlu! report of' Rotha- 
msted I'Wperimental Station, Part 1, pp. 37-38, 1977 
that tea plant belongs to Cg type which indicates that 
it is genetically a less (‘Hicient producer of photosynthates. 
No clonal diUcien •(• was observed. 

Photosynthesis and respiratory losses in plucked 
shoots 

A study was carried to find out the rates of net jihoto- 
synthesis and dark respiration in the first two leaves of' 
cxci.sed two and a bud shoots of clone I Vl, and to find 
out wlunher these two leaves import food from or export 
it down to the lower leaves. 

for finding apparent rate of photosynthesis and res- 
piratory losses, cut slnxjts consisting of two leaves and 
l)ud were taken on the previous evening and arranged in 
small vials with the cut end of the shoot dipping in water. 
The.se shoots were left as such overnight f'or conditioning 
them to overcome the .shock of excision. Next morning 
some shoots were shifted in dark and some kept under 
light to study respiration and photosynthesis re.spectively. 
Dry weight per sejuare decimeter of two leaves of the shoot 
was measured in the beginning (at zero hour) and after 
eight hours of dark or light period. While taking mea- 
surements, apical bud and portion of the stem in between 
the two leaves were excluded. From data so collected the 
respiratory losses and apparent photosynthesis per eight 
hours were calculated. The sum of' the two gave the 
actual rate of photosynthesis. Results of three experi- 
ments, conducted at 25 ! DC ambient temperature, 
are joresented in Table 5.08. A major part of photosyn- 


thates is lost by way of respiration, the high rate being 
po.ssibly due to excised nature of the shoots. Certainly, 
some photosynthates are also translocated from the two 
leaves to the growing bud, which has not been taken into 
account. As such real rates of apparent and actual 
photosynthesis would be slightly more than what is 
reported. 

Likewise, another (‘X])eriment was run simultaneously 
using long shoots, having 5 or 6 mature leaves and 2 -f 
bud at the to|j, to find out the apparent rate of photo- 
.synthesis per 8 hours in the first two leaves. The differ- 
ence in the apparent rates of photosynthesis of the two 
leaves of plucked shoots and unplucked shoots gave the 
amount ()f photosynthates translocated to these! two leaves 
from belf)w. Results clearly show that the two leaves 
of the plucked shoots always import food from below, 
thus confirming the observations made in previous 
studies. 


Table 5. OB. Apparant photosynthesis and re.sfmatoiy losses {rn!>ls(f.dinld 
hours) in first tun le ire.s of a i^rou'ino tea shoot at f 
Mean of ten observations 


I'Apcri- 

IIKMlt 

.No. 

Plucki'd slioi 

.\ppar< nl Respira 
pliotwsya- lory 
tiieais losses 

•Is 

- .\( liial 

plxtlosyii- 
llic'sis 

Unplucked sIkxjIs 

.\pparenl Eliolosyn- 

)>hotosyn- diates ini- 

thesis jxirled 

I 

487 }4()() 

47.44 

2080 

1094 

II 

207 2027 

2424 

24 1 .4 

2118 

III 

Kkl 4t)44 

4807 

1 49.4 

1242 

Mean 

282 4()79 

4901 

19ti4 

1081 


TV2 problem 

Results ol' investigations carried out so I'ar have. b(!en 
reported in Two and A bud, Volume 2b (1) pp. 13-15, 
1979. It ap])ears that the cause f'or sudden death of TV2 
bushes is rather physiological, because of which the plants 
an* not al)le to absorb sulheient cjuantity of' water 'and 
minerals from the soil to maintain their growth. Further 
ex|K‘riments on grafting, pruning and correction of 
mineral deficiency are in progress. 

Growth regulators, yield and crop distribution 

Work of' last 15 years or so at Tocklai and elsewhere 
has clearly iirlieated distinct possibilities of using GAg 
to bring about early bud break and have an early flush. 
However, its use on a commercial scale has shown in- 
consistemey in results which is likely to be due to environ- 
mental difTerences. "Flius, irrigated tea responds more 
favourably to G.Vg (gibbcrellic acid) treatment than non- 
irrigated tea. Besides, GAg has not been successful in 
changing the flushing behaviour, as well as in increasing 
the rains and annual crop significantly. Another im- 
portant factor is high cost of chemical spray. Keeping 
this in mind, investigations arc being carried out to try 
combinations of growth regulators and with nutrients 
in different clones, so as to work out more appropriate 
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louiiulalions and iIk' ri^iil linu* ol application to have 
die inaxiinum n'sjionse in the most economic wav. 

Further to the n'sults leporlcd hist year (Annual Re- 
port 1977-78, p.42) it was found that foliar siirayin^- of 
^il)l)erelli(' acid (OAgj at oO ppm followt'd by 2 .a ppm 
at monthly interval IVom h'ebruary to April increased 
the early (first and siaond flush) croji upto ‘d.a-dO'’,, in 
two cloiu's 1 V’ 18 and 107 If). S[)rayin^ of i;rowth re- 
tardants like (‘threl (CFFA), (yioii'l (('.(X:) and .ilar 
(S.\1)H) at 10()j)j)m lor timiporary sup|)rcsslon of rains 
i rop indicated that ethrid was eife( ti\e to suppress 
th(‘ lu'avv flush foi‘ two weeks. 1Iow('\(M\ fourth or fifth 
week after the treatment, rimewed vigour in flushini^ 
was observed in the bushes, thereby compensatini; th(‘ 
ci'oj) loss duriiij^ ^I'owlh suppression. 'The lot.d ( r(»p of the 
year was not altered by the treatments. The exj)eriment 
followed up duriiyc; the year 1979, usinir the combination 
of CiAg, ( 8 X 4 -] 7 and N.XA indicatial the (‘xistence ol‘ 
strong syiu'rgistic effect between the giblx'rellins ( i.Xg 
and CjA 4 i , in promoting the early flushing. 

Photosynthesis and translocation studies using 
Isotope 

Relative sink capacity of aerial plant parts in a 
bush: With a view to (h'termine (h<* relative sink capacity 
(capacity to store food material) ofdifferent aerial jiarts 
of an intact tea plant, a potted I Vd 8 plant with flowers, 
developing fruits and axillary buds was expo.sed to of) 
microcurie of allowed to |)hotosynthesise and 

translocate the photosyuthates fiir a day. I he autora- 
diograph of the exposed plant fldg .‘i.Ol ) showed that 
the actively growing axillary shoot (one and a bud) was 
labelled, leaving the flower l)uds witli smaller (juantity 
of radioactivity followed by the develo|)ing fruits. 'I'hus 
sink caj)acity decreases in the order axillary shoots de- 
veloping fruits > flower buds. 'The pluckable shoots 


seem to be strong sinks whii h ellei ti\ely mobilise the 
photosyuthates. Preseiua* of flowei’ buds and ile\eloping 
fruits on a plucked bush diverts a portion ol tlu‘ photo- 
svnthates fVom the growing shoots. 1 hmee, deblossoming 
«-r inhibition of flowering is likely to make more photo- 
s. nthates available for the prodiuMion ofjiluckable shoots. 

Hand removal of flowers or usi' ol chemicals to in- 
hibit flowering is .1 possibility that should b(‘ exploricl for 
stepping up the jiroiluctivity ol CHiinary .md (limliod 
type of bushes during the unj)runed \(Mrs, when they 
produce flowers and fruits. 

It was also observed in a I Xd bush that the develojiing 
fruits ar(‘ strong sinks w'hich draw pholosynthati's of 
source le.ivi's from as far as ;">() ( in away (Idg ri.tll ). 

Shading of leaves on the transport of photosyn- 
thates: Flu* lower lea\'es in the ( anopy (>1 a lea bush aia* 
shaded by tin' leaves above. I l(‘avy shade from shade 
lices might also ( KMle siu h conditions. 1 hc!(* is<ipj)ie- 
hension that shaded lea\'<‘s ol tin' canopy might become 
(h'pendent on other leaves loi’ food and nuiricmls. lo 
V(‘rify this, an (‘xperimenl was carried out on fiidd grown 
bu.siK's of ( lorn* 'FV20. One of tin' mature leaves of a 
shoot was sha(h‘d by black loil lor \ar\ing peiiods ex- 
t(mding up lo a month and a neaiby upper leaf was e.x- 
pos('d to and allow(‘d to Ir.mslocale the labelled 

photosynthat('s. No photosynthatiss w(‘i(“ impoil(‘d by 
the shachxl leaf from the (cxjiosid hml flag h.() 2 ). It 
appears that maturi* hxives never become' de|)('nden( on 
oth(*r leaves ev(*n unde'r unfavoin able' (onditions. 

Partition of reserves during spring in young tea: 

Further to the results reported earlier (Annual Report 
1976-77, p. 86-87) the tissue sam|)les of the 
exposed plants w'ere counted in tin' (icigi'r Muller (.ounter 
and tlic interpretations of autoradiogr.iphs were (pian- 
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Fig 5.02 A 

tificcl. 'rh(‘ IravTS of cIoir- 

'I’VM arr i^ivcii in table r).()^). 

Table 5.09. Kfled of I mf (mi I ion {from afxx) on hholo.synthesis hy 
leaves of clone IV I measured after exfiosute to 
{eounbjtninule) 


I .cat position ,\< tivily 


a7H 

105a 

045 

1045 

a7o 

1405 

1045 

1205 

1490 

102 () 


As the shoot was dormant at the tinu* ol exposure, 
loaf age did not reflect in the clliciency of CiOj fixation. 
However low count on the first leal may be due to its 
young age, and of leaf 5 may be due to shading by the 
upper leaves. 

MV) study the pattern of mobilisation of reserves during 
the spring tissue samples of M'Vlb bushes exposed to 
^ ^COa in December 1976 and uprooted in March 1977 


1 

2 

5 

4 

li 

7 

a 

9 

10 
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Fig 5.02 B 

(Annual Kt'porl 197()-77, p.Mbj wert- counted. Leaves 
of one s(‘t ol plants wt're sprayed with HA^ at 500 ppm 
in March, and leaves of another set were left unsprayed as 
control. 1 h('^ partition of hibelh'd radioactivity be- 
tween (lillt'ient parts are shown in table 5.10. M'he in- 
tensity in atitoradiogra])hs and counts correspond to the 
concentration of pliolosynlluMic reserves in dilferent 
j)lant organs. 

Table 5.10. Pattilifin of toot nsei.e (to s/niin’ oroirth in ( '.lone I VIS 



( lonln 4 

(4.\j sprayed 

Plant part 

plant 

plant 

Leaves 

1155 {|)iii 

901 epiu 

Stems 

11)55 ,, 

70.5 „ 

Rr)Ols 

ll)t)5 .. 

.550 ,, 


More root reserve could be mobilised for shoot growth 
by spraying grovvth regulators likt' gibberellic acid on 
th(‘ foliage during early Hush as can be seen from the re- 
duced radioactivit) in the roots ol the G-Vg sprayed plant 
than in the unsprayed plant. However, further studies 
are required for confirmation. 



Higlights 

MliKtrnifrinifs tni^hl induce rapid iiiu/tiplicalinn of red spider 
Olid other mites. Loiver temperature inhibits eoo /ayino by 
seailet mite. Improvement of drainuoe eoinhined udth intensive 
insectieidal treatment reduces shot-hole borer infestations. 
Tomato plants ivere found to be a oood indi itor of presrve of 
eelworms. Synthetie pyrethroids frorided an effective kill of leaf 
eatino insects. A neic urea baud inwetieidr ivas found to in- 
hibit the hatchinii of inserts ejoof and prevent ehitin formation. 
Granular formulations provide effective control of several soil 
borne insert pests and eAworms. ‘leu ne:v inseetieil 's were 
evaluatc'l. 

Mi rK PKs rs 

Effect of foliar application of micronutrients on 
the incidence of mites : Sr isonii! disiributiou arul 
al)uiidancr of rrd spi l('r and scarlet iiiitr Idllowiug 
ditVrrrnt Irrat iiuaits widi ini('n)tiutri<'iit> were a>>rssr 1. 
640 Ir ivrs were sainali'd at r<ia IfMn fW).n each of the d2 
plots at nioiitlily intervals. liaild up o(' l)ot!i ilu^se two 
species of miles varie 1 with the type of inicroiintrients, 
thou”h soiiH' micronutrients were highly e ):i iucive to 
rapid th'velopmrnt of mite p apul itio!is. 'Ida* way mi- 
cronutrients inlliKMi'::.' mitt' repco 1 uait^a is n >1 knowii as 
yet, thouirli it is posilble that they in lircv’tly induce hii^h 
multiplication rate in mites. Results ol loni^ term studit'.s 
will possibly give a better un lerstan liag of th ’ p.heno- 
iiienon. 

Life-3tudy of different mites of different clones 
at various temperature : Scarlet mites wer<‘ raised on 
clo’V's rV^'l to 'TV 10 to find out interactions between 
plant type and temperature, and their elh' :ts on the 
development of the mile. 

dWo series of mites under comparable conditions were 
maintained on leaf discs of clones TVl to d’VlO ; one 
.series was exposed to a steady temperature of lOXI, while 
the second was (*xposed to lO CI for 18 hours with a 6 
hour exposure to room temperature (28.50 (1) as is likely 
to exist in Darjeeling. Relative humidity in both the 
series was maintained between 75";) ^ind 80"(,. 

At the constant temperature of 10 Cl, eggs were laid 
on none of the clones for eight weeks, but alternative 
teinparature, however, induced egg laying ('Table 6.01). 
Irrespective of clones, eggs were laid in a series of pulses 
with a wide time-gap between phases of* egg laying. 

'Temperature is therefore a major limiting Ikctor for 
mite multiplicity provided it remains steady Ibr a long 
period. Survival of the mites lor a period of over 10 
weeks indicated a high degree of tolerance to temperature. 

Distribution of pink and purple mites on clones 

1 — 19 : Bccau.se of the increase abundance of pink and 
purple mites all over north-cast India, relative suscep- 




Tftble6 01. AV.m/* in Hrc\'ij);ilp is ( i.': i sltw . on lunious 

(lours, u'htii ii tiinf>:;.itui(- niit >11 ■ of' to d/or tH ht\. on, I 
i.xfustorto too n tnnfu'rolurr f 0 h In \. uuVi / •>'’„ to 
till. 


( 11 HU'S 

Cl o\'ip'>sii iotj 

.\vera;i(e 
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period (days) 

iTeiiiidily 

1 

df) . (» 

d.4 

2 

"‘TO 


5 
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<i.2 

A 

•11. t) 

ii.O 

r> 

do.o 

(».() 

(> 
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d . .5 

7 

2o.() 

2.2 

a 

diTH 

(i.H 

4 

"5.1 

2.0 

10 

"JT4 
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tibility ol' Tocklai (dones to mnlti])l(' infestations of these 
mites was evaluati'd. In general, pink mit(‘ populations 
were higher than that of j)urpl(‘ mite through- 
out tlu' year, although the' pojnilation on individual 
cloni's varied in dilh'renl montlis. Inspile of nunn^rical 
vaii itioii, .seasonal population ( ycle’: of both the mites 
were identical : their n nnlx'rs increased I'roin April, 
with the rise in ambii'iit temperature, reaching a peak in 
July. I’herealUr, tin* population startl'd di'idining rea- 
ching a low point in November-Di'i'ember. 

'Th(! marki'd idi'utical poj)ulalion cycle for the two 
speck's of mites is inti'resting, consich'ring that pink mite 
is located on the un li'isurface of llu' leaf an I purple on 
the upper surface, sometimes of tin* .same leaf. 

SAP fi:kdt:rs 

Bionomics of scale inserts : Irrespective of clones 
and jats, incidence of scale i isecls is on I hi' increase on 
both young and malun' li'a, though some variation in 
the susceptibility of j’ocklai clones is noticed. The re- 
asons for this variability an' not clear as yet. Young 'TV9 
in particular is highly su.sceptible to black scahr 
{Chry.somphalus ficus), though it develops resistance when 
it is about five years or above. 'TV9 shows slight to mo- 
derate su.sci'plibility to Tiorinta theae, but 'TVl is highly 
susceptible to armored scales like Tinnaspis llieae and 
Fiorinia Iheae. 

'The developnu'rital rate and fecundity of the diaspid 
scale, Parlaloria proteus, on TVl and TV 18 show ('Table 
6.02) that on TV18 the lile-cycle is quicker and ovij)o- 
sition is more than mi TVl under comparable' conditions. 

The practical asjiect of this fin ling is that .sevi're in- 
festation of Parlaloria proteus on TV 18 may ni'ixl more 
frequent insecticidal treatments than on TVl. 

Velalaspis serrulala, which was (|iTt(' ('lulemic on some 
clones in the last few yt'ars, was virtually absent in the' 
experimental plots during this year. It is possible that 
indigenixms prerlators and parasites kept its population 
below the threshold level because no insecticidal treat- 
ment was done. 
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Table 6.02. 

Life-cycle of 

Parlatoria protcua on TVl 

and TV18 









Average duration in 

days 







Average luunljrr- 


- 

- 




Duration 

Observation 

(done* 

ol eggs laid in 


F (Female) 

(Instars) 

Pre-pupa 

Pupa 

of life 

[jt*rio<l 


life time 

Egg 







cycle 





M (Male) 

1 

2 





'IV 1 

Not olwerved 

5.5 

F 

11.9 

13.6 





31.0 





M 

12.8 

11.0 

3.7 

3.3 

36.3 

Jum-July 

... 

... _ 








rv 18 

Not observe<l 

5.0 

F 

9.5 

11.2 




25.7 





M 

9.6 

10.2 

3.2 

3.2 

26.2 


TV 1 

31.0 

b.5 

F 

16.3 

12.8 


TT” 

35.6 



*G5.1) 


M 

16.4 

9.2 

2.8 

3.2 

38.1 

Aug. -.Sept. 

'IV 18 

39.0 

6.5 

F 

14. 1 

10.5 



31 . 1 



♦(32.0) 


M 

14.6 

9.8 

3.3 

3.1 

37.3 

^Figure in paranthesis is average oiiposilion period 

in days 








LEAF FA'UNG JNSIXITS 

Looper caterpillars : Incidence of looper cater- 
pillar {Buzura {Bislon) suppressana (nien) was low in the 
Soutfi Hank, but it caused serious damage in the Dooars 
and the North Hank, particularly in areas having Indi^ 
gefera teysmannii as temporary shad(‘. During the peaks 
of abundance shaded areas had on an average 815 mixed 
instar loopers per 50 bushes against an average of 537 
in the unshaded areas. However, there was a constant 
inter-rnigration between ()opulations in these two areas. 

I’he incidence ofbactt'ria and natural parasites (parti- 
cularly Apanteles ) was low in the North Hatik : this caused 
the loopin’ outbreak. 

An ('stimate ol the magnitude of looper population can 
be obtained from fiidd collection of different develop- 
mental stages from an area of 100 acres ('Fable 0.03.) 

Table 6.03. Population of different developmental ^tanes of iMoper Ituziira 
(Hi.ston) siipprfssaria in 100 acres of ground surface {from 
random collection) during March-June, 1970 

Devilopnicntal Number 

collected 


Moths I lo^ooo 

(^.aterpillars 80,000 

CUirysalids 6.*), 000 

Lymantriid caterpillars : A species of lyinantriid 
caterpillar was (Mulernic in .some parts of Darjeeling. 
It has five discreet generations in a year, and therefore 
the damage is cau.sed almor.t throughout the year : the 
late instars consume more than that of the early insiars. 
These caterpillars were restricted in its distribution upto 
an elevation of about 1300 metres (4290 feet). The 
damage was more on the eastern and southern aspects. 

Laboratory studies under simulated conditions showed 
that eggs were laid in clusters on the undersurfaces of tea 
leaves : each cluster had 10 — 30 eggs and the clusters were 
'randomly distributed on the undersurfaces of leaves. 

SHOT-HOLE BORER 

General incidence ; Field studies on the dispersion 
of shot-hole borer in old tea were continued. In addi- 


tion to Xylt’borus fornicatus, Xyleborus piceus and XyJeborus 
approximaius reported last year, current survey shows the 
prcscnsce of X. lorqualns Eichh and X. elegans Sam[) in old 
tea. In most samples these two species were found on 
the collar region and side branches. Improvement of dra- 
inage greatly reduced the level of infestation. Intensive 
tn’alment of the affected plant parts with ().18‘’„ concen- 
tration of faidosullan 35 ffC!. significantly reduced the 
infestation. 

SHADf: 'I RId-: FES4S 

Biology and incidence : An integral part of shade 
tree p<\st management is to be able to protect the young 
shade trees when they are most vulnerable to pest attack. 
A succession in the appearance of pests on young shade 
trees of different age group was noticeable. In two year 
old shade [Albizrja odoralissima, A. moluccmuf A. chiuensis, 
A, procmi and A. lebbeck) infestations due to green flies, 
psyllids, and meml)racids W(‘re high. In shade trees of 
3 5 year age-group, membracids, in addition to orange 

beetles and green aphids, were common. 

hdigofera teysmaimii was severely damaged by the black 
aphis {Aphis crecivora) which cau.sed severe damage to the 
growing shoots, particularly leaves. 

Most of’ the pests covdd be controlled by spraying any 
standard insecticides, but lasting control was difficult to 
achieve becau.se of the rapid migration of pests. In mem- 
bracid control, most of the insecticides failed to reach 
the insects located within the interwined foliage. 
NEMA'FODES 

Sampling : The tomato, Lycopersicum escidanlum, is a 
good indicator of the potential build up of nematode 
populations. To test this, 40 beds each measuring 1 m X 
3m, were split each into two halves and were artificially 
inoculated with eelworms. At one of the sampling sites, 
a tomato seedling was directly planted, while in the other, 
the tomato seedling was planted in a pot filled with the 
soil collected from the sampling site : the pot prevented the 
migration of nematodes from the immediate vicinity of 
plants. I he plants in both the series were allowed to 
grow for 75 days when they were pulled out and their 
roots were examined for root-knot infestations. 
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There was a good agreement between the levels of po- 
pulation obtained by direct soil sampling, and those 
from the nematode assay of the roots of the infested plants. 
There was no significant diflcrence bv‘tween n^mitode 
infestation on the directly planted and potted plants. 
In some cases the plants showed the presence of nern nodes 
even when the conventional m *thods failed to extract 
them. Tomato plants, sown before actual tea planting, 
may therefore indicate the biotic potentiality for nema- 
tode growth in an area. 

Host pathogenecity : Nematode infestation in tea 
has its origin in various liost plants in and outside tea 
areas. Meloido^yne inco^nitu, for example, has been found 
to infest h'oehia rnicrophylf i Linn and Mof^hania macrophilla. 
Similarly, Pratylenchus particularly P. brachvurus which 
causes root lesions in 3 I- year tea, persists on Bamhum 
nana. 

Sampling shows the presence of Ilclicotylcnrhus on the 
roots of tea .seedlings. This is the first lime that this pir- 
ticular nematode has hi'en isolated from tea roots; possi- 
bilities of a succession ol' nemaloth's in nur.series cannot 
be ruled out. Helicotylenchus dilystera live on clos(' asso- 
ciation with Meloido^yue on the root galls of tea seedlings. 
About 12'*„ of the Mdoidoffyne inl'esled seedlings w«‘re 
found infesterl with Helicotylenchus as wcdl. It is possible 
that Helicotylenchus- may not directly damage healthy root 
tissue's, l)ut could aggiMV«ile the damage alre'ady caused 
by root-knots. 

Egg hmtchabllity : 'The elfects of soil moisture regimes 
on the hatchability of Meloidof^yne eggs were evaluated : 
5 egg masses I'reshly isolated from reiots, wen* plantc'd in 
petridishes (12 cm X 2 cm) having moisture level dilfer- 
entially maintained between .3"<, and 3')'X at intervals 
of About 50 grams of soil was kept in each petri- 

dish at the appropriate moisture level maintained by the 
standard weigliing and rejilenishment method; each 
moisture level had 12 replications. Before setting the 
appropriate moisture level, the sods were steam sterilized 
to kill the nematodes in the soil. 


Five days after the introduction of the egg masses, two 
petridishes were selected at random from each m >isturc 
level. The sampling w.as continued at 2 -3 day.s interval 
until all the petridishes could be examined. Ivgg hatcha- 
bility was high at 5% moisture level, and none at 30% 


Table 6.04. Hatchability of the eggs nf root-knots (Mdoidogyne) at 
differential moisture regimes 


Moisture 

level 

Scoring of the 
(luantum of eggs 
hatched 

Remarks 

5 

-f + + + 

High hatchability 

10 

+ + + ] 



15 

20 

25 

+ + + 1 
+ ++ 1 
+ -F+ I 


Moderate hatchability 

30 

— 


No hatchability 


level (I'able 6.01). Between 10% an! 25% inusture 
level, the hatchability level was uniformly moderate. 

EVALUATION OF PFSFICIDFS 

Experimental acaricldes t Acrex (l)inobuton) 30 
R.C., DPX 3792 an 1 a niitricnt-b ised acaricide were 
evaluated against laboratory populitions of adult reel 
spider mite. Ll)9i) value for all the aearicides was ob- 
tained at a standard dilution of 1 |)art in 500 parts of water 
by volume, d’hese aearicides were however slow acting, 
because a (umulative mortality of above 95“, > was 
obtained 96 hours after treatment. 

'Fhree formulations of' Fthion 50 IvO, developed from 
indigenous n'sources were also evaluate. 1 against lal)ora- 
tory populations of adult red spiders. At 0.1‘’,» concen- 
tration, the r.ite of mort ality in. rea>eil progressively until 
the optimum (LDdO) was reacdve.l. I’hese I’ormulations 
have ihert'lore good residual action. 

Synthetic pyrethroids : I’or the lirsi time in tea 
world, th(' biocih 'acy studii's of synthetic jiyrethroids 
against tea pi'sts were taken up. Synthetic pyrethroid 
inse('ticid('s hav(‘ Ix'i'u recently develop'd to deal sj)eci- 
lically with raj:)itlly developing insi'ct pest population>. 
Synthi'tic pyrethroids aia* m )r(* toxic than c mvi'iitioii il 
insi'cticides, yet they bri' ak down r.ij)idly alh'r knocking 
down insect j)opulalions. d’nese co:n])ounds are j)hoto- 
labile and hav<' low m imin ilian toxicity. The pyre- 
throids evaluati'd are 

1. P('rttiase('t (Permethrin) 25 fbd. 

2. Decis (l)ecamethrin) 2‘5 L.(l. 

3. Permethrin (PP 557) 10 IC.C. 

4. Sumicidin (Fenvalerate) 20 F.d. 

riieir bioi'lfectiveue.ss ag<iinst inixe 1 pojjulations of 
looj)er (' iterpillars w is assessi'd by trt' iting the catt'cpillar.s 
at toxic levels oi’0.05“,% 0.0')^%, 0.02'% and 0.0 F%. In all 
sc'rii's, a lOO'*,, m ortidity of all stages of tin! caterpillars 
was obtained within 21 hoars. 'FtK's.c insecli :ides wi'ro 
ni'arly ecjuitoxic, except that in so. me series, mortality 
was slightly delayed if the caterpillars wen' in the 
advanced stage of development. The exact relationship 
between the body size of the cati'rpillars an I the 
activity ol’ pyrethroids are being studied. 

Growth-inhibiting insecticide i A new insecticide.s 
Ben zophenylurea (Dimilin) 25 W.P. unconventional in 
the sense that it inhibits the formation of chitin on the 
insect cuticle, was taken up for evaluation. Apart from 
inhibiting the hatching of the eggs of looper, it gave a 
moderate control of looper caterpillars when sprayed at 
a concentration of 0.05%. The surviving caterpillars 
did not feed on the foliage. 

Microbial insecticide ; Bathucide WDP, a micro- 
bial insecticide, was sprayed at 6 X 10'* spores/litrc con- 
centration against mixed looper populations. At this 
dose the mortality was low (<50%), though it was not 
clear if the microbe would eventually affect the physio- 
logy of surviving insects. 



54 


Togklai Experimental Station 


Acaricides for multiple mite infestations : Six 

cDiMinfTcial forniulations of JJicofbl IB. 5 E.Cb each at 
coneeulraiion were sprayed against mixed irifes- 
talions ol red s()ider, pink, purple and searl<*t miles. All 
resulted over mortalily ol'tli(‘ mit(‘s with a variation 

ol T)*’,, between difli renl serit's, and th(‘ [tlanls ware nearly 
free Irom any seven* mite inl'eslation for about four weeks. 
TIow ( vei', the mortality levt'l of individual mite* species 
w;is in the ordei‘, red spider - pur[jle mite pink mite > 
.scarK't mil(*. 

Six commen ial formulations ol' Idhion .'iO le('.. deve- 
Iop(‘d from indi^ent'ous sources were a[)plied at 0.25'!,, 
concentration at^ainst red spider and [)urpl(‘ miles. They 
wen* e(|uiloxic and i^ave ovt‘r control of the adult 

red s()idrr within 4B hours and over 90% mortality 
ol purple mite in a single ajjplication. 'I'he response of 
the mile .species vari(‘d marginally. 

New insecticides ; Pyrethroids were also evahiat(‘d 
for their elfectiv(‘n(\ss in contn)lling endemic outbreaks 
ol an unidentifu'd catta pillar. 'The compounds and their 
rail's of application an* shown in d'able 6.05. Synthetic 
pyrethroids gave the highest mortality of nearly 100*‘„ 
within 24 hours. Synthe tic pyrethroids liave a quick 
knockdown ellect and give tlu' maximum mortality within 
(he shortest possible time. 

Table 6.05. Comfmiative efftcadfs of synthetic pyrethroids, and a conven- 
tional insecticide against caterpillar pests of tea. Living 
population on •/ X 2.5 bushes 

l)a(r of .^praying : 29.3.79 

Observation Observation 
after 24 hours after 9b hours 



Tiralnicnts 

Per cent 
concen- 

Mean 

''o re- 

Mean 

‘,’b re- 


tration 

popu- 

lation 

cluction 

over 

\STV- 

eount 

popu- 

lation 

duction 
over pre- 
count 

A 

A( ( (illiidii .'')() lv( 

0 . 25 

2H.75 

80. bO 

13., 50 

?K).89 

B 

Sumit'iditi 20 K.(]. 

0.04 

10.00 

9b. 97 

1 . 75 

99.47 

(1 

IVris K.C. 2.5 

0.005 

1H.-50 

89.02 

2 . .50 

98.51 

f> 

Bet iiirihrin 10 K.( 

0.02 

2.00 

97.30 

1 . 75 

97. b4 

K 

Perm a, set 1 25 1 

0.05 

3.25 

98. (iO 

2.75 

98.81 

F 

(loutrol 


85 . 50 

2.5b 

84.00 

4.27 

Least signifirant 
tlitlVrrru r at 






1> 

0.05 


2b. 4b 


3.b7 


C.. 

V. 


t)3 . 72 


11.44 












Bciizophenylurea (Dimilin) 25 Bromophos 

(Nexion) 19 and C'.arbamate based propoxur 25 

K.O. were sprayed at concentration 2-5 times over that 
of p\ 1 1 tlu oids : at this dosage level they were equitoxic 
to pyrethroids. 0.04‘\, Sumicidin 20 E.C., 0.2‘\, Per- 
methrin 10 l-.C., 0.0.V\, Perma.sect 25 E.C., 0.125% Pro- 
poxur 25 E.C., 0.09^, Nexion 19.5 E.C:., ().P’„ Lannate 
20 L.C.. and 0.1*'^, Qiiinolphos 20 E.C^ were sprayed with 


a mist blower against mixed infestations of different 
instars of looper caterpillars. Within 48 hours, Pcrmascct 
gave the highest mortality closely followed by Sumicidin 
and Permethrin. However, after one week, all the three 
pyrethroids gave a near 100‘\, mortality. 

Table 6.06. ( '.oniparalive efficacies of Pyrethroids and several new 
insecticides avainsl looper caterpillars [mixed instars) Mean 
looper pofndation on dxJO hashes pet plot 

Date of spraying : 29.3.79 



Per cent 

Pre-treat- 

.Mier 

48 hr.s. 

Alter 

1 week 

rreatnients 

concen- 

mentcount 


— 



.Sumicidin 

tralioii 

j)o;)iila- 

tion 

Popiih 

tion 

i- "o re- 
du( tion 

Popula- 

tion 

■ 9(, re- 
duction 

20 K.C. 
Permethrin 

0.04 

51.33 

1.33 

98.17 

0.00 

100.00 

10 K.C. 
Perinaset t 

0.02 

b7.b7 

2.33 

9(L49 

0.33 

99.51 

25 K.C. 
Propoxur 

0.05 

78.t>7 

0 . 33 

99 . 58 

0.00 

100.00 

25 K.C. 
Nexion 

0. 125 

74. (i7 

34.00 

54.4b 

11.00 

85.2b 

19.5 K.C. 
Kannatt' 

0.09 

79.ti7 

(.2.00 

22.17 

21 .b7 

72.80 

20 K.C. 

(.^uinolphos 

0. 1 

79 . 33 

31.00 

57.14 

9.33 

88.23 

25 K.C. 

0.1 

70.33 

24.33 

b5 . 40 

8.b7 

87.67 

Control 

Least signili- 
cant dill'er- 
ence at 

- - 

54.00 

49.00 

9.25 

41.b7 

22.83 

P - 0.05 



15.04 



6.24 


c.v. % 



33.10 


39.21 

- - 


Propoxur 25 K.C. and Lannate 20 fbC. which have 
residual actions, cau.sed relatively low initial mortality. 
Nearly 90‘b) mortalily within a week after treatments was 
achieved. Nexion 19.5 \fC. gave about 73';,, mortalitv 
after a week, rising from low mortality of 22'!,, in 48 hours. 
Performance of (Qiiinolphos 20 IvC., was comparable 
with that of Lannate 20 MC. and Propoxur 20 K.C. 

Insecticides for scale insects : Efficacies of several 
new insecticides, Efsan 50 E.C., Actellic 50 l-fC:., Nexion 
19.5 L.C., Ca’lathion 47 E.C I., and Permethrin 10 E.CI., 
against .severe infestations of black scale, Chrysomphalus 
ficus Ashm, were evaluated and compared wath that of 
Ekalux 25 E.C land Malathion .50 E.CI. 'fhe new insec- 
ticides were applied at a standard dilution of 1 part in 
in 200 parts of water by volume using a mist blower, twice 
at an interval of 20 days. At the end of one week alter 
treatment, Celathion gave the highest mortality followed 
by Elsan. Performance by Permethrin and Actcllic was 
nearly the .same, Malathion and Ekalux being in the next 
category ('fable 6.07). 

A week after the second application, black scales were 
virtually ab.^ent in the plots treated with Permethrin, 
thpugh .some reinfestation occurred (through hatching 
of eggs) on the second w eek i.e. serially fourth week, after 
the secotid insecticidal treatment. The cummulative mor- 
tality increased after the second round of application 
though reinfestation w'as noticed on the fourth week. 
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Table 6 07. 


Comparative efficacies of different insecticides at different concentrations against black scale (Chrysoinphaliis iiscus Anhtn) of tea 
Living population of scale insects per ‘.ixlO leaves 


I*’irsl spraying on 
Secoml spraying on 


29 .H. 7 a 




I’rc-trcat- 

I wvt'k ohstTvaiion 

4'j<*atmrnts 

Per cent 

mnil ( ouiit 





cuncentration 

Mean pupu- 

Mrau 

O 



latiuu 

population 

rodiHlion 

Lkalnx I'X.; 25 

0.125 

825.70 

117.70 

85.81 

Elsari .50 L.C. 

0.25 

975.70 

152.70 

84.44 

Acicllir .50 E.C. 

0.25 

774.70 

440.40 

57.4(i 

Pennethriu 10 K 

0.05 

771.00 

245.40 

(.9.48 

Ncxion 19.5 E,.(; 

0.097 

475.70 

77.00 

79.50 

(;(4a(lii<)U 47 l-'-.C 

:. 0.245 

4(41 . 70 

42.00 

94.11 

Malathion .50 L. 

C. 0.25 

.54(i.40 

148.40 

74. ()8 

('.ontrol 


554.00 

524 . 70 

4 . 70 


2 work obscrvalioii 

4 \vt*(‘k ohservatidii 

4 wt'ck olMcrvation 

Mt-an 


Mean 

O 

t> 

Mean 

% 

popiilatii.n 

nxlurlioii 

])(.pnla(i(.n 

rethu'tu.n 

population 

reiluetion 

210.70 

74 . 48 

25.44 

96.97 

49.44 

94. tK) 

80.00 

91.80 

17.44 

98 . 2 1 

8.(i7 

99.15 

1 42 . 40 

82.92 

11.1)7 

98.45 

7!). 44 

89.71 

144.70 

81.4(i 

0.00 

100.00 

12.()7 

98.44 

87.40 

76. 7(i 

27.44 

92.76 

2()1 .00 

40.51 

28.70 

94.82 

9.44 

97.94 

6().00 

85.74 

109.40 

79.94 

5 1 . 44 

90. ()2 

()0.()7 

88.81 

512.70 

7.45 

404. ()7 

2li.95 

555. :14 

0.24 


Least signilicaril 

diflci cnci' all’ 0 . 0.^) 

C.\’. 


187.1)1 
.W. 18 


I\()t signi- 
(i( ani 


147. 4 
IL’ILOL 




111.27 


Insecticides for thrips ; IiisciTicidrs rvaliialtvl 
include Actcllic 50 IVrincthrin 10 l'..(!., Diiniliu 

25 K.Cl. and Scviii 50 W.P. : tlunr jxTrorrnancc was com- 
pared against dial ol' laidosull'an 55 IvC-. 'l'lu‘si‘ inst'cd- 
cidcs were sprayed at a dilution of' 1 iiarl in 200 parts 
of \\at(‘r usiii^ a mist blower. 

.\ctellit' and IVrmetlirin ^avc ov(‘r 05",, mortality 
witliin 48 hours ( I'able 0.08) but mortality by oth<‘r 
insecticide was on the lower si le. 

Table 6.08. Short and lonfi term efficacies of some new insecticides against 
thrips ('I'aenlothrips selivrnu is). Mean thrips population 
of 10 shoots per plot 
l)at<- ol spraying : 27. .5. 79 





After 18 

hrs. 

\fo r 4 

months 


i’er cent 

Pie- trea- 


- - 



'I’l <‘atinen(s 

rone- 

tment 


*'b 

popu- 

% 

A( It Hie 

entralion 

eouiU 

Popula- 

tion 

rediu (ion 
over 

prr-eount 

lation 

rednelion 

over 

pre-( omit 

50 K.C. 
Permethrin 

0.25 

10.75 

1 .00 

96.9(i 

2.75 

74.44 

10 L.C. 
Dimilin 

0.05 

9.75 

0.50 

94.87 

1 . 00 

89.72 

25 W.P. 
Se\in 

0.125 

10.. 50 

1.50 

85.76 

1.25 

88. 0() 

50 W.P. 
Endosulfan 

0.25 

9 . 75 

2.25 

76.95 

4 . 25 

5(). 44 

45 E.Cl. 

0.175 

11.00 

2.75 

75.00 

1.25 

88. ()5 

Clonf M)1 

— 

11.25 

18.50 

-49.19 

1().00 

-29. ()8 


Least signiti- 
cant difler- 
ence at 

P 0.0.5 — 2.01) — 4.00 

C.V. % - 85.91 96.72 

Dimilin did better. Endosulfan and Sevin were nearly 
equito.xic. The insecticidal treated plots were again 
sampled 4 months after the treatments. In Dimilin, 
Permethrin and Endosulfan treated plots, the level of 
infestation was still low, but high in plots treated with 
Sevin. 

Granular insecticides : Long term trials have been 
laid down to test the potency of granular insecticides 


against (ermiti^s and cockchafers. 'The insectici.les 
evaluated ar(‘ (iarbofuran 5 (J and Phorati^ 10 (L Pre- 
liminary n‘suhs ar(‘ encouraging and by next year 
thdinite trend is (rxpi^ctinl to enungi*. 

Comparative efficacies of granular and emul- 
sif table concentrations: Performaiu e of granular and 
emulsiliable ('onc<mtratc\s of in.sectii ides against cock- 
chaf(‘rs was evaluated. 'I hi* (‘mulsifiable concentrates 
(I'Xi) used wen' Quinolphos 25 15.(1., Phenthoate 50 
E.d., l5ndosidl'an 35 15.(!., and X-factor, while the granu- 
lar formulations were Phorate 10 (i and Oarbofuran 3 (4. 
E.CI. Ibrmulations w(*r(* applied at 1 in 500 parts of water 
and the granular formulation at th(* rale ol' 10 g per plant. 

Table 6.09. C.omparative ejfitacies of different (>rnnutar and emulsipahle 
concentration of insecticides ai>ainsl cockchafer (Phyllophaga 
scticullis) 




% b ishf's 




allac krd three 

I )c‘grcc of 

'I’realments 


months afliT 

roekrhafer 



treatments 

damage 

Q)iinol|>hos 




25 E.( . 


8.44 

O.OB 

Phenthoate 




40 i: .c. 


l(i.68 

0.20 

X-faetor 


14.(i7 

0.18 

ICndosnlfan 




45 E.C. 


11. (»7 

0.18 

Phorate 10 ( i 


10.67 

0,20 

Carbofuran 




4 (; 


10.02 

0.14 

Cf)ntrol 


25.00 

0.33 

Erast signifi- 




cant clifFeren^c 




at P 0.05 


10.72 

0.15 

D V. % 


44). 91 

47.37 


Three months after the treatment (lableG.OO), qui- 
nolphos treated plants were least attacked, but both the 
granular formulations gave slightly higher protection from 
Cockchafer damage than other imsecticidcs. 

Nematicides ; Palliative control of the r(K)t knot ne- 
matode {Meloidogyne incognita Chitwood) was attempted 
using granular nematicides, Aldicarb 10 G, Carbofuran 
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3 G, Phorate 10 G and Mocap 10 G. The rates of app- 
lication arc shown in Table 6.10. Nematicides were 
applied around the collar region of the plants by slightly 
forking them into the soil followed by slight sprinkling 
of water. 90 days after application, the number of ne- 
matodes in the soil samples from the treated plots was 
assessed along with the growth of the plants. 


Table 6. 10. Effect of nematicides on Root-knot (Mdoidogync .v/>) 
population, and growth of infested tea seedling 


NcmalfK id<‘s 

Application Larval 
rate* (^)/ mortality 

plant % in soil 

.Shoot 

growth 

cm 

Percentage 
of transfc*- 
rablc plants 

Al(li( arb 

10 (; 

1 .00 

50.51 

17.43 

01.33 

Alilit arb 

11) (i 

0."i 

59.93 

14.90 

49.25 

(larbol'iiran 

(i 

1 .0 

(.5.3f 

19.75 

09.25 

*Clarb(j(uran 

(; 

2 A) 

77.30 

20.08 

70.85 

Mocap 

10 (; 

1.0 

08.28 

17.97 

45.94 

rbiincl 

10 (i 

0. 1 

43 . .50 

10.73 

43.00 

Gontrol 


47.33 

10.09 

44.37 

*Split (lose of 

1 gin at 

one month inl<-r\'al 



Split application of Garbofuran at 1 g/plant at inter- 
val of a month, gave the maximum mortality. Mocap 
and Garboluran at 1 g per plant were equitoxic, followed 
by Aldicarb. d'himet gave the least control. 'Fhe in- 
crease in shoot length following nematicidal treatments 
did not follow a definite trend though in Garbofuran 
treated plots the number of transferable plants was high. 

Pesticide residues : Samples of processed and sun- 
dried tea treated with different dilutions of Permethrin 
10 K.G., Pdsan fiO and ('alixin 75 K.(’. were pre- 
pared both during the wet and dry seasons. These sam- 
ples are now being analysed to determine the levels of 
residues of these pesticides. 

Pesticides tainting : Twentyseven formulations of 
different acaricides and insecticides were evaluated for 
their tainting effects. The Tea Taster detected varying 
degrees of taints in teas treated with Sevin 50 W.P., 
Dimecron 100 fi and in one formulation of Teepol 
and Bathucide. 

PESr SURVIELLANGE 

Monitoring of insects, mites and eelworms on tea and 
^hade trees was continued. Species of insect recorded 
for the first time are listed in Table 6.1 1. 

CERTfFIGATION PROGRAMME 

40 formulations of pesticides were accepted for evalua- 
tion. 7 Certificates of approval were issued after com- 
pletion of appropriate tests. 


Table 6.11. New records of iruects from tea and shade trees during 1978-79 


Name 

Host 

Order/family 

Xylehorus torquatus Eichh 

A', sp. nr. elegans Samp. 

Tea 

Goleoptera/Scolytidac 

,, 

„ / „ 

Ernoporus sp. 

Derris robusta 

„ / „ 

Verania discolor 


Colcoptcra/Goccinell- 

idae 

Rrumoides suturalis 

A. moluccana 

„ / 

Lepidoptera / Nympha- 

Polyura aria Feld. 

A. odoratissima 


lidae 

Spodoptera lilura F. 

Diarsia ochraiea Walk. , 

'Fea 

,, /Noctiii- 

dac 

Plydra nonai>riia Walk. 1 

Tea 

„ / ,, 

,, /Artiidac 

Chionaema peregrina Walk 

/). robusta 

Oligochroa sp. 

A. procerajA. mo- 

,, /Pyralidac 

lucacana 

Serrillea sobria (Wlk) 

A. bi punctata 

Diptcra/ Tachinidae 

Ricania speculum (Walker) 

A. odoratissima 

Hornojilera/Rirariidae 

Coe lop kora b ipl ag iata 

Ch rysomphal us fic us 

(joleoptcra/Coc cine- 
llidac 

Chilocorus circumdntus .Sch. 

,, ,, 

» / ,, 

Chilocorm ni grit us (F) 
Apterenevrtus rnicrophagus 


„ / 

Hymenoptera / Fncy- 
rtidac 

(Mayr.) 


(iompericll'i hifasciata Howard 

,, ,, 

„ / 

3 farietta javensis ( Howard ) 


, /Apheli- 

nidac 

A A p 1 di oti phag us s p . 

Arrbtn )phugus ckionaspidis 


,, / 

Aurivillins 

Pinnaspis theae 

„ /I'aicyrt- 

idac' 

Orthoptera/Acrididae 

Xenocatantop v humil is 

Tea 

(Scrvillc) 




QUALfl Y GON I’ROL OV PESdTGIDES 

33 samples of acaricides and insecticides were received 
from tea estates for testing their potencies. Bioassay with 
these samples were done and reported. 6% samples 
were below the expected standard. 

ADVISORY SERVIGES 

993 samples of' plants affected by pests were examined, 
and the report suggesting measures of control were sent. 
2012 soil samples were examined of which 15.85^’,', were 
rejected because they were found having high eelworrri 
population and hence unsuitable for nursery. 

The Assistant Entomologist, Nagrakata, senior staff 
of entomology Department and Head of luitomology 
Department visited different tea estates to advice on vari- 
ous pest problems and their control. 8 advisory leaflets 
and tea encyclopaedia serials on the control of major tea 
pests were prepared. 

GENERAL 

Dr. D. Saharia of the Department of Entomology, Assam 
Agricultural University, was admitted to Ph.D. degree 
of Assam Agricultural University. Dr. Saharia carried 
out research on bioecology of some important coccin- 
ellid predators of aphids and integrated control, under 
supervision of Dr. B. Banerjee, at Tocklai and at Assam 
Agricultural University. 





Highlights 

Among the new fungicides tried Copcide for red ru^t control, 
Di’lan for black rot control, Fungikill and Tamraghol for blister 
blight control were ejfective. Antibiotics {Agrirnycin and Plan- 
tomycin) as additives to copper fungicides had little influence on 
red rust and black rot control, but may have a role in blister 
■control. Sequential spray of fertilisers, MOP and Urea, singly 
or in combination, prior to copper fungicide application, effutively 
reduced the disease incidence of red rust. 

Application ofSlmazine to soils adversely affected the nitrifying 
bacteria and lead to accumulation of nitrite, but stimul.it ' i fungi 
which aid in nitrification. Organic matter additions lessened 
the inhibitory effect. 

Charcoal stump rot organism has high surviicd potential due 
to loiv nutritional requirements and hence needs special care for 
arresting its spread. 

Tea roots harbour VA mycorrhiza which assist in P absorption. 
The VA mycorrhiza were found to occur in tea root during 
the dry season but were absent in the rainy months when they 
were found in the associated iveeds. 

Long term studies on sporulation pattern and effect of lower 
dilution of copper fungicides have shown that for effective control 
of red rust a dilution of 1 : 1000 sprayed in six fortnightly rounds 
ivas most suitable. 


Fungicides 

Duriia^' the year twciitylwo (onniilalioiis were under 
study ibr their eflicacy in controlling red rust, Ihnia stein 
disease, black rot and blister blight. 'I'hese included a 
wide range of organic, metallic and systcanie lungicidc^s, 
antibiotics which were incorporated in copper lungicidc* 
sprays to study their synergistic action. In addition, 
observations continued on areas where sevcai other 
chemicals mostly soil lumigants were applied against 
primary root diseases. 

Red rust 

Experiments during the year were conducted to study 
three aspects (a) screening of new fungicides for control 
of the disease, (b) antibiotic additives to copper fungicides 
and (c) fertilizer applied as foliar sprays prior to copper 
fungicide spray. There were four trials on dilferent 
locations all in Jorhat area. 

Screening trials 

Screening trials were undertaken to set new fungicide 
formulations on two locations I and II. On location I 
the clonal tea was carrying severe infection by red rust. 
Delan, Saprol and F.M. Spray 77 were tested for the first 
time at the rates suggested by the formulatons. Dithane 
M-45, an improved version of the old preparation was 
tried at lower concentration. Fytolan was used as a 
standard fungicide for comparision on location II. Delan 


and Saprol were o nit led and O i])ian was added as a 
treatment. Four rounds of spray were imparled with 
hand operated bakpik sprayers. Interval between the 
first two round spray was fourteen days and the subsequ- 
ent two a in mill each. The overall control was assesseil by 
visual scoring of all the bushes from the plots e.xcluding 
th(‘ guai\l rows on the usual 0-4 scale. 'Tlie details about 
bush population, age etc., and full results are given in 
A|)pendix 7a and b -extracted results in fabh' 7.01. 

Table 7.01. Red rust ronlwl aihieved under varmi\ fun^iiidals sf>r(iy\ on 2 
locations in Jorhat circle {Drfiree of control n measured as fier- 
cnt'iiic reduction in infection orer control /dots on 0-4 wortVi.i;) 


Kungi( itlcs 

.oration 1* I 

.oration 11* 

.Average 

Tvlohm l:4t)() 

89.0 

92.3 

90.7 

(’.opcidf 1 ; HM) 

85.8 

92.3 

89.1 

Diihaiu* M-15 




1:1000 

24.1 

2(i.2 

21 . 7 

F.M. .S|)ray 1 ;200 

71 .2 

.58.5 

(»4.9 

Delan 1:1000 

14.2 

- 

14.2 

Sa|)rol 1:1000 

8.2 


8.2 

Captan 1:100 


30.8 

30.8 

t:.D. at P 0.05 

10.0 

14.0 


c:.v. % 

1 1 .()8 

19.82 


♦sei 

ap|)endix 7a 



**se< 

appendix 71> 



... 


Appendix 7a 



Dnnce of red rust infection and disease control {Mean of .184 hashes) 

irith neio funi’ieides in .sfrernini> trial. 





Im idenri' 

% redue tiori 

rrealmtnts 

Rate 

per hush 

over routrol 

Delan 

1 : 1000 

2.41 

11.23 

.Saprol 

1 ; 1000 

2 . 58 

8. 19 

( 'o|>ei<le 

1 :400 

O.'IO 

85.77 

F.M. Spray 

1 :200 

0.81 

71.17 

Diih.tn<- M-15 

1:1000 

2.10 

23.13 

Fylolan (standard) 

1 :400 

0.31 

88.97 

()(niirol (unspravfd) 


2.81 


C.D. al P 0.05 


0 . 28 


c.v. % 


11. (>8 



Agr of tea : 4 yrars rlonrs 

.S|)a( inK : 120 XtiO XtiO cm douhlr hedge 

Plot si/c : Oo hushes per plot cxt:ludiiig guard line 

4 replicates 

Date ot spraying... Ih*1ween 19.5.78 and 2.8.78 

'The new formulation (lopc.ide was found to be as effi- 
cient as the standard fungicide Fylolan. F.M. Spray 
was superior to other fungicides tested but it wa> signi- 
ficantly inferior to Clopcidc and Fytolan. 

Antibiotic additives to copper fungicides 

Two trials were laid out in one of which the effect of 
antibiotic additives to copper fungicides was investigated 
while the other wiis a screening trial to compare the effect 
of additives along with other formulations. 

In the first trial Agrirnycin 100 (Pfizer) and Planto- 
mycin (Aries Agrovet) were added at 100 and 200 ppm 
levels on a dilution of 1 : 1000 copper fungicide. In the 
second trial in addition to the above treatments, other 
formulations were also tested but without antibiotic addi- 
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tivcs. Four rounds of spray were imposed using hand 
operated bakpak sprayers. Details of l)ush population, 
age ele. are given in Appendix 7b and 7c and extracted 
results in 'Table 7.02. 


Table 7.02. Impact of antibiotic: additives to fungal spray on degree of red 


rust control 

on 2 locations in 

Jorhat circle 


Fnnf^ic i(lc:Tyt(»lan 

1 1:1(K)() 

I.ofation I* 

Location II** 

Averagr- 

Agriioyt in PP'" 

75.9 

.59.2 

97. 1 

1(19 f)prn 

11 Ar 

59.2 

(i8 . 4 

209 onm 

75.9 

55.4 

95.1) 

rianto- 

iiiy< in. 9 ppni 

75.9 

59.2 

(i7 . 1 

199 ppni 

74.1 

55. '1 

(i4.8 

209 pptn 

75.9 

91.5 

()8.7 

PyUtlan 

1 :K)9 (standard) 

C.l). at P 9.95 

c:.v. % 

4 

91.4 

12.1 

25.25 

* lor d»-tails srr 
'* lor details s<'(‘ 

92.4 

14. () 

19.82 

apj)cnilix 7c 
appendix 71) 

91.9 


1 . 

2 . 

4. 

5. 
('), 

7. 

8 . 
9. 
10 . 
It. 


Appendix 7b 

Degree of red rust infection per bush and percentage of the di ease 
cmtrol {Mean cf 120 hushes) 





Inlet (ion 

% reduction 

Treatments 

Kate 


intensity 

ovtT control 




per hush. 


( lontrol 





(unsprayed ) 



1 ..49 


Kviolan 

:499 


9. 19 

92.41 

I'vtolan I 

1909 


9.54 

59.24 

Tylolan | 
Agrimycin 1 

1900+199 

ppm 

0.54 

59.24 

Kytolan T 
AtJ[rimycin 1 

Fytolan -f 

1999 I 290 

ppm 

9.58 

55 . 48 

Plantomycin 1 : 

1990 + 100 

ppm 

9.58 

.55.48 

Fytolan -j- 
Plantomyein 1 : 

lOOO- 1-290 

ppm 

9..5() 

91.. 54 

Dithani' M-45 1 

1999 

9.99 

29.15 

F.M. Spray 77 

1 ;209 


l)..54 

58.49 

Copcid^- 

1 :499 


9. 19 

92.31 

(laptan 

(l.I). at P 0.05 

1 :499 


9.90 

40.77 

C.V. % 



9. 19 
19.82 



Am;r : 8 yrars old tea iinsha<!rd 

.Spacini? : 120x90x90 

Plot si/c : do l)iish<‘s rxcliidinfj; guard linrs 4 rrplicates 

Spraying time : Betvvcon 18.5.78 anti 22.7.78 

Appendix 7c 

Mean degree of incidence of red rust per bush and effect of antibiotics in 
control {average of 20 f bushes) 






Mean de- 

% reduc- 


'Treatments 

Rates 

gree of in- 

tion over 





cidenee 

control 





per bush. 


1. 

Fvtolan 1 

:I009 


” ”0.29 

75.00 

2. 

Fytolan ItKKX) 

+ Agrimycin 






iOO ppm 

0.29 

77.. 59 

3. 

1 

rlOOO 

f Agrimycin 






200 ppm 

0.28 

75.89 

4. 


:1000 

+ Plantomycin 






100 ppm 

0.40 

74.14 

5. 

1 

:I00t) 

+ Plantomycin 






200 ppm 

0.28 

75.89 

9. 


1:400 


0.10 

91.48 

7. 

(Tontrof 






(nnspiavt'd) 



1.19 



c.n. at'P 

0.05 


0.14 



c.v. 



25.25 



Age of tea 


t) years (4d clonal lea. 



Spacing 


(iOXbOXoO triple 

hedge. 



Plot si/r 


51 bushes each plot excluding guard line 


Ilatr of spraying 


Between 24.5.78 and 4.8. 78 



Addition of antibiotics to the conventional copper 
fungicide has not in any way given superior performance. 
C’opper fungicide at 1 :400 is by far the best when used 
alone. Added Agrimycin and Plantomycin at 100 and 
200 ppm did not show any advantage in the degree of 
control oflcrccl. 

Fertiliser spray before fungicides on Red rust 
control 

'This investigation was aimed at evaluating the bene- 
licial elfect, if any, of foliar application of urea and mu- 
riate of potasli singly or in coinl)ination, prior to applica- 
tion of a standard coj)per fungicide on severe red rust 
infected plants during the sporulating period of the alga. 
"The experimental area consisted of four year old clonal 
plants at 120x00x6 cm spacing which were grouped 
in three blocks of eight plots each, each plot containing 
fifty plants. 'There were eight treatments including un- 
sprayed control, f'our apf)lications wc're made during 
the periotl between 1!).5.78 and 2.8.78 using hand ope- 
rated Bakpak sprayers. In treatments where both foliar 
fertilizers and fungicides were to be apj)lied, the fertili- 
zer was sprayed first and the fungicide was applied one 
hour later. The overall elfects of the treatments were 
assessed and the intensity of infection per bush as 
n'corded in 0 — 4 scale of severity is presented in 
Tablt‘ 7.03 and Appendix 7d. 

Table 7.03. Degree of red rust control by scf/uential spray of fertilizers and 
fungicides {% over disease incidence in no spray control plots 
on 0- f scale) 


Ten ili/ers 


Fungicide 

None 

Urea 

MOP 

Urea + MOP 



4:100 

4:109 

2:199 2:199 

None 

0 

18.1 

24.4 

42.4 

Fytolan 1 :400 
Atlditional control 
of Red rust with 
fertilizer incorpora- 

74.4 

92.1 

92.7 

94.9 

tion. 


17.8 

18.4 

29.9 

C.l). at P ^ 0.05 



19.51 


(TV. % 



29.14 



Appendix 7d 

Mean degree of red rust irfection per brush and percentage of the disease control 
{Mean of J 50 hushes) 



I'reatrncnts 

Rate 

Mean in- 
fection in- 
tensity per 
bush. 

% reduc- 
tion over 

control 

1. 

Urea 

4:100 

2.58 

18.10 

2. 

Muriate of potash 

4:100 

2.48 

24.44 

4. 

Urea ■+ Muriate 





of potash. 

2:100+2:100 

2.14 

42 . 48 

4. 

F'yt))lan 

1 :400 

0.81 

74.29 

5. 

Urea + Fytolan 

4: 100 +-1:190 

0.25 

92.09 

9. 

Muriate of potash 





+ Fytolan. 

4:1991-1:100 

0.24 

92.70 

7. 

Urea 4- Muriate of 





potash + Fytolan. 

2:190+2:100 

0.19 

94.92 


Control 

4- 1 :100 




(imspravcd) 


4.15 



C.n. at'P - 0 05 


0..52 



C.V. % 


20.43 
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Incorporating Urea, MOP and MOP -}- Urea with 
copper fungicides had an additional signiheant advantage 
in disease control. 

It is evident that foliar application of Urea an:l Potash 
alone or in combination results in significant reduction 
in disease intensity. Their application, preceding fun- 
gicide spray did result in improved |)erfonnaMce by the 
fungicide. The llmgicide when sprayed alone n^tluced 
red rust incidence by 74‘;„ while its performance 
improved to 92 to 9r)“o in Urea and Potash sprayed 
plots ( fable 7.03 and Appimdix 7 d). 

Black rot 

During the year two field experiments we re conducted 
in Up]M r Assam, one was to screen dill'crent j)roprictory 
products for their efficacy in controlling the disease and 
second one was to look for any synergistic action (d‘ two 
antibiotics when applied in combination with a (opprr 
fungicide. 

Comparison of fungicides for black rot control 

Six fungicides were tried against black rot in a youngish 
mature lea area in a garden in Margherita circh'. 'I’he 
lea was attacked by both the species of black rot causing 
fungi, Corticium invisum and ('. thfu’. 'fhe disease was late 
in coming up and the treatments were applied in two 
rounds on 29.5.78 ami 12.6.78 with han loperated Bak|)ak 
sprayers, fhe experimental area ('onsiste.l of four blocks 
of .seven plots, each plot containing thirtyfive bushes, 
'flu* plots were separated by guard lines which rec(‘ived 
the spray as the adjoining plots but w(‘r(‘ not scored for 
bla('k rot incidence. Individual bushes in the treated 
])lots were examined for the degree of incidence of the 
dis(' ise in the 0-4 sc'.ale <>!' severity and the n'sults an* giv<m 
in fable 7.04. 

Table 7.04. Mean decree of black rot infection per bush and percentni’e of 
disease control {Mean of 140 bushes) 



Ii'catttKMiIs 

Rate 

Mean det^rrr 
oi' intW lion 

rcdiK tiott 
over control 


I’.iolan (standard 


prr biisti 




1 :400 

0.50 

85.77 

2. 

Didiain* M-If) 

1 :100() 

1.31 

48.22 


f.M. Spray 77 

1 :200 

1.34 

47.04 

A. 

(Copcide 

1 ;40() 

0.74 

70.75 

r, 

1 )clan 

1 :100() 

O.Oti 

73.01 

b. 

Sai>r()l 

1 rlOOO 

1.74 

31.23 

7. 

(Control (unsprayed) 
C.\). at P - 0.05 

C.V. 


2 . 53 

0.31 

18.06 



Apart from the standard fungicide, Copcide and Dolan 
afl'ected appreciable control of the disease. Delan is 
claimed to possess redistribution properties and needs 
further trial under different agroclimates. Redistribu- 
tion is a phenomenon by which the fungicide active in- 
gredients after forming a deposit on the plant, gradually 
absorb moisture from rain and dew and spread to give 
protection to new growth. 


Antibiotic additives to copper fungicides 

Ihis experiment was identical with the additive ex- 
periment for red rust control and was meant for evalua- 
ting synergistic action of the Agrimycin and Plantomycin 
when applied with a lower dilution of a standard copper 
fungicide Blitox. 4'he experiment was laiil out in a co- 
miiuaxial ganUai in Uj)|)er Assam; (hntirium invisum was 
causing black rot. fhere were altogether seven treat- 
ments, replicated lour time's with twenlysix bushes per 
plot, 'fhe di-seasc was ve'iy late' in its build up and the 
lwe> sj)r.iy.s we-re ap])lie'el em 13.t).78 and 27.t).78 using 
Hakpak sprayers. fhe' re'sulls were' asse'sst'el ,is usual and 
pre'.sente'el in fable 7.05. 


Table 7.05. Mean deiiree of black rot infection per bush and pcrcentaije of 
disease control {Mean of lOl bushes) 


rreatinents 



Mi'an 

% 

Kale 


inleclion 
per hush 

rediiclio’i 
OV<T (• ).1lfol 

1. Hlilox 

1 :4()0 


0.73 

72.Hii 

2. Hlito.x 

3. Hlilox )- 

1 :I()(K) 


1.15 

57.2.) 

myt in 

1. Hlilox j- Agri- 

1 :10(K) f- 100 

ppni 

1 . 20 

55 . 30 

my( in 

5. Hlii-.x i- Plan- 

1:1000 4 200 

Pi).n 

1 . 33 

48.70 

loniyc in 

0. Hlilox 1- Platt- 

1 :1000 1 100 

Pi)in 

1 .41 

47.. 58 

tc»;ny( in 

7. (lonirol 
(imspray<'d) 

C.l). alP 0.05 

c:.v. % 

1 :10:)0 1-200 

ppm 

1.13 

2.(0 

0.31) 

16.85 

46.81 


ddicre was no signifie anl bcne'lit in applicalie)n of 
Agrimycin or Plantomye^in in im re'asing the* ellicacy of 
the; fungicide te'ste'fl, e'ven in black rot control. 

Blister blight 

During 1978 two fie-ld experiments we're! conducted 
in Darjeeling. One* of ihe.se* e'xpe!riments w.is the con- 
tinuation of an exjK'rime'ut laid out in 1976 to e'e)mj)are a 
numlx'r ef’ fimgicielcs and te'sl a binder a 1 litive. 'fhe 
other e'xperiment was a routine investigation te) lest the! 
eflicacy of a numbe'r of ne'w fungicide's in mitigating the 
blister blight ; two antibiotics (Agrimycin and Plinte)- 
mycin) were afso included in this expe*riment te) study 
their synergistic action whe*n applie!d in ce)mbination with 
a e'opper fungicide. 

Fungicides with and without binders 

As in the previous ye'ars a numbe*r e)f new fungicicles 
we*re compareel at the* rates suggested by the formulators. 
Mowlith, an acrylic binder (Hoechst) was suggested te) 
be used with Ckilixin (BASF) for better tenacity and le)ng 
term effects at different le*vels. Tre*atments were app- 
lied as sr)on as the disease was observed in the expcrimerntal 
plots. The spraying was done at weekly and biweekly 
intervals (Ualixin) till the end of the blister season in 1978. 
'Phis experiment designed to evaluate the effects of the 
treatments on yield will be carried through a complete 
pruning cycle. 
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The effect of treatments on the incidence of blister 
blight as recorded after the 4th round of spraying is shown 
in I’able 7.06 and Appendix 7e. 

All the four copper formulations gave significantly 
better control than the rest of the treatments viz. Clalixin 
and M.B.C. 

The yield n‘eords will be summarized on the conclu- 
sion of the experiment. 


Table 7.06. ^7 fungicides in Idister hlii^/it control 

P<‘K«‘ntaf<c mliu lion in lilisifr 


f'ungi< idc d(«(‘ 

— 


^ -- 


I97(i 

1977 

197H 

Iilit(»x (I'iT) g/lia 

75. 2H 

HO. 45 

HO. 95 

Fiirif'ikill ,, 

75.H4 

7 1 . 17 

HO. 73 

'ratnia^luil 

74.50 

72.43 

77.33 

<I<)pp* r oxy- 




< Idoridc 

79. 19 

77. HH 

91.84 

<;alixiti 1 :!!()() rnl/ha 

42.02 

52.57 

30.73 

Mowlidi 2 




('atixiii 1 : jnl/ha 

21.73 

•IH.OH 

52. 3H 

Mijwlilli A 




( lalixiti 1 ; 

31.71 

32. (i9 

51.02 

Mowiidi 4 




MIK:(»2r)g/ha 


0.9(') 

19.05 

C.l). at V (I.Of) 

25.00 

2 3. (.2 

23.21 

i ] V 

2 5. OH 

24.13 

28. 17 


Appendix 7e 




Kflcd 

of Ircdlnients 

on control 

of Idisto 

blight 


Trcaliiu-nts 

KaU'/ha 

Interval 

Rounds 

No. ol' 
l>li.sters 
p<r 100 

gi, reduc- 
tion 

over- 

1. 

Hlilnx 

t,25 g 

in days 

7 

5 

shoots 

28.00 

control 

80.95 

2, 

Fun^iklll 

025 g 

7 

3 

28.33 

80 . 73 

3. 

'I'atiiia^hol 

1.25 g 

7 

5 

33.33 

77.33 

4. 

( .<)( {n r 
()xy< Idoridc 

t)25 g 

7 

5 

12.00 

91.84 

5. 

(’alixiii 1: 
Mowlidi 2 

200 ml 

14 

3 

93.00 

30.73 

(►. 

(lalixin 1: 
Mowlith 3 

200 ml 

11 

3 

70.00 

52 . 38 

7 

(lalixiii 1; 
Mowlidi 1 

200 ml 

14 

3 

72.00 

51 .02 

8. 

M.B.C. 

(.25 g 

14 

3 

119.00 

19.05 

9. 

10. 

Hard pliu kiiijf 

(vv<a‘kly tliroiitd>out ohsc rvatiuii) 
Control 

C.l). at V ^ 0.05 

C.V. % 


103.38 

H7.00 

34.12 

28.17 

29.07 


Screening of fungicides with antibiotic additives 

five new (imgitides and two antibiotics were included 
in the screening trial during 1978. 

The antibiotics Agrimycir and Plantoinycin were 
incorporated with copper fungicide and their possible 
synergistic action was studied. 

I'here were altogether 11 treatments including an 
untreated control. The treatments were applied in 
plots of 30 buslies randomized in 3 replicates. The treat- 
ments were administrated at weekly interval immediately 
following each i)lucking round. The number of blisters 
on the 3rd leaf in 100 shoots collected at random from 
bulked plucking from each plot was recorded every week. 


'rhe final observations made one week after the appli 
cation of the last round is given below in the Table 7.07 


Table 7.07. Kflect of different fungicides and antibiotics on the control n,: 
blister blight 




Spraying 


Blister 

"o redu- 



interval 


per 100 

ction 

'rreatinents 

Rale 

in days 

Rounds 

shoots 

oxer 





< ontrol 

1. Ca.ntrol 




01.00 


2. Blilox 

025 g/ha 

7 

4 

7.33 

87.98 

3. Blitox + 

025 g/ha -f- 





Agrirnyrin 

100 ppm 

7 

4 

3.33 

94.54 

4. Blitox r 

(.25 g/ha 4 





.Agrirnyrin 
5. Blitox 3 

200 pprn 
(.25 g/ha 4- 

7 

4 

4.33 

92.90 

PlanloMiy- 





rin 

100 ppm 

7 

4 

0.07 

89.07 

(i. Blitox 4- 
Blanton;y- 

(.25 g/ha 4- 





< in 

200 ppm 

7 

4 

4 00 

93. '14 

7. Cop( idr 

8. Ditlianr 

025 g/ha 

7 

4 

17.07 

71.03 

M-45 

1:1000 

n 

4 

33.33 

15.30 

9. Drlan 75 






WP 

ItlOOO 

7 

4 

15.33 

74 . 87 

10. Saprol 

11. P.M. 

1 ; 1000 

7 

4 

13.li7 

77.59 

.Sprav 

2 . 5 kg/ha 

7 

4 

9.33 

81.70 

C.D.'al P 

0.05 



1 1.97 

19.()2 

<;.v. % 




13.9 

43.9 


With the exccjUion ol'Dilhane M-lf) all odicr fungicides 
tested ad'orded significant reduction of the diseasi*. 
( -onlrol ol blister l)light witli antibiotics in ('ombiiiation 
with copper indicated a slight synergistic action l)etweea 
(h(‘ copper and antil)iotics but it was not manifested at 
a signilicant level, for l)lister blight control in Darjeeling 
ari'a ilu' antil)M^tic additives to (opper fungicides using 
lower doses of coppe r is C()nleiu}dated. 

SOIL MICROBIOLOGY 

Effect of agrochemicals on autotrophic nitrification 

Among the biochemical reactions of importance to 
soil fertility, nitrification is one of the most sensitive to 
agricultural chemicals. Nitrification in soil is attributed 
largely to the action of chemoautotrophic nitril’ying bac- 
teria. A doubt, however, exists it the cheiiiOautotrophs 
are solely responsible lor nitrification in acid soils. Re- 
cent evidences also indicate instances of occurrence of 
Jieterotro]:)hic nitrification in cultures of microorganisms 
and in natural ecosystems. Since tea soil is highly aci- 
dic, it was thought worthwhile to investigate the etiect 
ol agrochemicals on autotrophic and heterotrophic 
nitriliers, it at all they occur in tea .soil. 

1 he effect ot Simazine was investigated in greater de- 
tail, though other agro-chemicals Diuron, Lndosulfan, 
Copper oxychloride and Mctham sodium were employed. 
Effect of agrochemicals on autotrophic nitrification was 
studied using pure cultures oWNitrosomonas and NitrobacUr 
sp. isolated from tea soil. Considerable variation was 
observed in nitrification following application of agri- 
cultural chemicals. Detailed studies on Simazine were 
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carried out. Nitrile was found to be aecuiinilated due 
to application of simazine. Simazine was also found to 
reduce the number of Nitrobacter sp. 

By enrichment culture technique, Penici/lium spp., 
T richoderma viride, Fusarium sp. , Aspergillus niger, Absidia sp. 
and two gram negative bacteria were isolated from sima- 
zine applied soil. On biochemical and physiological 
tests, the bacteria were identified as Flavobacteriuw sp. 
and Pseudomonas sp. It was observed that some of' the 
fungi possessed tlie ability to nitrify. It may then'fore 
be concluded that simazine stimulated heterotrophie 
nitrification probably by stimulating these organisms. 

Studying the effect of organic amendments and their 
inleractions with agrochemicals, it was .seen that tlu! 
addition of organic matter le.ssened the inhibitory efh'ct 
of' all agrochemicals studied on inicroorganisins, perhaps 
due to adsorption. 

Microbial degradation of simazine 

I'he above isolates of' microorganisms obtained by 
enrichment culture technique wert* employed for micro- 
bial degradation in synthetic media and soil. 

Simazine residue extracts with its degradation jirodm ts 
were spotted on thin layer chromatograms in diflinamt 
solvent systems, f ive metabolites of the simazine residue 
have bt'cn confirmed, d'h('S(‘ degradation products an! 
yet to b(‘ identifietl. 

Root rots 

Ecology of (lharcoal stimij) rot fungus Fstulina .jmala 
was investigated, d’he organism survives s<‘vere inter- 
f'ungal int(*raction in soil and the ('onsiapient toxic meta- 
bolites secreted by them, 'fo determiiu' the reasmis for 
its strong survival potential, interfungal compiMition was 
studied and its nutritional reijuirements were found to 
lx‘ very low as it could grow well on sUa ile filter 
paper. Its cellulotysis adequacy index is low, suggesting 
its stirvival ability regardless of the nitrogen status in the 
soil, 

Mycorrhiza 

Screening roots at various periods of the year revealed 
that during the months of April/May and November/ 
December the white feeder roots frequently show<‘d the 
presence of vesicles and arl)uscles which are the sur- 
vival mechanism for endomycorrhizae. In contrast to 
this during the period of heavy rainfall in July/August, 
the tea roots did not show the occurrence of arbuscles and 


vesicles with marked fivcpieney though fungal structiiresi 
could be t)bserved. Further, a brown fungus was seen 
on the roots during the monsoon season. 

The roots of weeds persistently showed the presence of 
eiulotrophic mycorrhiza. Roots of' Axonnpus compressus 
showed higher-f're(iuency infection. During the mon- 
soon .season also the roots of weetls were seen to \yc 
inf'(‘cted by the endotrophic mycorrhizas. 

Screening of soil around the tea roots showed the pre- 
.seuce of four types of spores resembling those of VA 
mycorrhiza. They are: 

(a) a large yellow colouretl spore with bidbous base. 

(b) a blown coloured thi('k walled sjjj)re. 

(<•) a white* fk'shy structure resembling the sporo- 
carp of h'jidogone sp. 

(d) a black spherical spore attached to a thin 
aseptale hyphae*. 

IMPORfAN'r CONSIDEKA'nONS ON FRE- 
QUENCY AND DlEU riON OF FlJNtifCIDAL 
SFRAV lOR RED RllSf CON'I ROE 

Prior to 19f>() twe) rounds of spray at 1 i lOO dihilioii 
were* giv(*n foi' signifie aut red rust control. In 19b7 the 
epidemiology of red rust was studi{‘d. 'FIk' red rust alga 
Cepholeurns parasitieus ))roduc(‘s fruit bodies on sporangia 
which normally mature* in 14-1 T) days : b to b batclu's of 
sporangia are* proihice;! in a se*ase)n. ( Ionse*(|ue*ntly, the 
speire* dise harge* showed typical pe*aks and troughs till 
third we-e-k of August. He)W(‘ve*r, the ge*rmin ability of 
the* spore-s fe‘ll sharply after lOth August. 'Phis showed 
the* n«-e- 1 of' applying (:op]>e*r fungicide* in meire* than twe> 
rounds. 1 lovseve-r, copix'i fungic ides have a de*pr(*ssing 
edfee t on the* croj) if'spraye‘d in more: than four rounels at 
1 :40() dilution whii h has bee*n well doe:ume ute*d. If the 
te*a bush is to be prote‘cte*d during the* entire* sporulating 
s|)e*ll e)f re*d rust alga, the*n six rounds of copp(*r s[)ray 
are* nece-ssary at fortnightly intervals. 

In vi(‘w of the*se* divergent ne*(*ds of fr(*(]uency and limit 
on coj)jK*r, the Iciwer dilutions and more number of rounds 
were* tried. A dilution eif 1;10()() was found to produce 
an ace:e*j)lable ce)ntre)l of the red rust di.s(*ase during each 
spray. 'Elms 1:1000 dilution sprayed 6 tiin(*s at fort- 
nightly interval protects the plants from possible infec- 
tion from red rust spores produced throughout the season. 
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Highlights 

Aroma constituents in lea are dominant during first and second 
Jlusfies. Methods of manufacture also influence the production 
oj arcrna cunstituents. 

C.'IX',. manufacture produces more theajiavin group of 
compounds than Orthodox manufacture. 

(i. l .C. manufacture of unwithered leaf produces bright 
and brisk I i (four. 

High activity of l-phenylalanine ammonia lyase {PAL) in 
tea shoot may be an index for (fuality. 

Estimation of TE for routine analysis is simplified. 

Cup infusions of Orthodox teas contain a smaller fraction (f 
the soluble constituents, particularly theajlavins and thearubigins 
than the C. l .C. teas of the same leaf source. 


PKiMl’NT PROriLK SIUDIKS 

In addition to cliaractrrisation ol tea Hush (juality, 
pigni(‘nl profile analysis lias been Ihiind nst'lul lor eva- 
luation ol the tea (juality as aflected by dillerent agro- 
techniques and processing conditions. During the season, 
study was taken up in collaboration with Unilever Ke- 
seandi, Uolworth Laboratory, LJnilever laniited, Ll.K., 
to look into the distriliution of aroma constituents during 
dillerent Hushes of tea and how they reflect on the (|ua- 
tity of tea. 

Both Orthodo.x and teas were manufactured 

throughout the season from light pruned bushes of Clone 
'rV12 and "rV17. Figment profile analyses of the made 
teas for characterisation of Hush quality were carried out 
at 'I'ocklai. Aroma constituents of the teas were analy- 
sed by GLC’ in the Colworth Lalioratory of Llnilever 
Research, U.K. The teas were also evaluated by Lea 
'rasters for quality and Hush characters. 

(i) Flush quality 

I’igment jiroliles of the made teas were compared with 
tasters evaluation (Table 8.01). Froliles indicated that 
there was second Hush quality only lor a short period. 
The elh'ct of drought was reflected in the profiles during 
the early part of July which was unusually dry this year. 
T’he.se profiles were irregular and had lower peaks, 
suggesting lesser quality. 

It was observed that in certain cases the method of 
manufacture of the two clones influenced the manifesta- 
tion of Hush characters. Clone 'I'Vl? was found to 
be superior to (Hone TV 12 in quality, confirming pre- 
vious findings. 

Figment profile analysis indicates that Clone TV 12 
has first flush character till end of June, when Clone TV 
17 has a second flush character. In early July, C.T.C. 
teas indicated second flush in both the clones, but 'VW 


Table 8.01. Pigment profile analysis and Tasters eualmtion of Orthodox 
and C.T.C. teas 


Clone TV 12 




Tasters 

remark 

Pigment profile 

Datr 

Sample 



indication 


Tocklai 

(falcutta 


15.(3.78 

(.)rihoci()X 

Nothing to 

Touch of 

First Hush 



account for 

2nd flush 



c. r.c. 


1‘jarly 2nd 

Touch of 1st 




flush 

flu.sh 

29.().78 

Orthodox 


Nothing to 

Touch of 1st 




account for 

Hush 


C.WC. 



Touch of 1st 
flush 

().7.78 

Orthodox 

.Similar to 

Not descrip- 

Irregular 



rains 

live 


,, 

O.d'.C. 


2nd fhi.sh 

2nd flush 

i:l.7.78 

Orthodox 

Nothing to 

Light useful 

Rain atrecled 



account for 

cup 


” 

C.T.C. 


Inferior to 

TV 17 of 
.sarm* date 

Rain afrectr<l 

10.8.78 

Orthodox 


No Hush 
character 

Rain afTec'.ed 

,, 

C. T.C. 

,, 


Slightly atreciecl 





by rain 

7.<).78 

Orthodox 

,, 

Nothing to 

Slightly affected 




arcount for 

l)y rain 

„ 

C.T.C. 

,, 

„ 

Slightly afTected 





by rain 

5.10.78 

Orth(»dox 



Mixture of 
rains & autumn 

„ 

C. T.C. 

,, 

,, 

Autumnal 

8.11.78 

Orthodox 



Autumnal 

- 

C.T.C,. 

‘ 


.Autumnal 



Clone TV 17 




Tasters 

remark 

Pigment profile 

Dale 

Sample 

— 

.. 

indication 



Tocklai 

(kilculta 


15.0.78 

Orlhoilox 

Nothing to 

Touch of 

Touch of 2nd 



account for 

2nd Hush 

Hush 


C.T.C. 


Karlv 2nd 

Touch of 2nd 




Hush 

flush 

1^9. (1.78 

Orthodox 


.Nothing (o 

Touch of 2nd 




account for 

flu.sh 


C.T.C. 

,, 

,, 

2nd Hush 

(i.7.78 

Ortluxlox 

Similar to 

Not deserip- 

Rains 



rains 

t iv'c 


,, 

C.T.C. 

,, 

2nd Hush 

2nd flush 

13.7.78 

Orthodox 

Touch ol 

B<'st li(|uor- 

2nd Hush mix- 



cjuality 

colour-some 

flavours 

ed with rain 

- 

C.T.CT 


Touch of 

2nd Hush 

2nd Hush 

10.8.78 

(Orthodox 

Nothing to 

No Hush 

Rain affected 



account for 

character 



C. T.C. 



Slightly affected 
by rain 

7.9.78 

Orthodox 

,, 

Nothing to 

Rain affected 




account for 



C.T.C. 



Slightly affected 
b\ rain 

5.10.78 

Orthodox 



Mixture of 
rains & aut j.mn 

„ 

C.T.C. 

,, 


.Autumnal 

8.11.78 

Orthodox 



.Autumn.al 

„ 

C.T.C. 


— 

Autumnal 
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17 clone coiilinued to have second Hush (ill mid-July. 
“Rains character'’ was indicated till early Septruiher hy 
both these clones. This was followed l)y a transin„u 
period till early October durin,^ which (he Hush charac- 
ters clianoed from rains to autumnal. For the n^si of 
the pluckin.t'- season, autumnal ('haracter prevailed for 
both Orthodox and C. F.C. teas of both clones. 

(ii) Flush quality and aroma profiles 

'Fhe aroma constituents of the black teas were (‘xtract- 
{‘(1 l)\ steam distillation in Iiik(Mis Nicholson appar.itus 
and was Hnally taken in freon 1 18, concentrated and ana- 
lysed by (ilXf I’he column was packed with Carbo- 


wax 20 M and lu‘.a(('d initially to (if) (b I'lu! teiupcia- 
(ure j)ro<;rammini' was ilom* from (if) '( d to 200 ’(1 in aea- 
sim;- it at the iMt(‘ o| 7 (1 per minute'. All (r.ue's 

\\ei(' coinp.uabh' siiu'e (he' (‘ondilions ol aio na extrae'- 
tion and anahsis were identical. Peaks identilied co- 
nesjxmd <o eii;h( dilh'rent aeoma t «>nslitu(‘n(s and (lu* 
ptak heights i^in cm) Ltive' the i('lali\e ('oncc'ritrations 
ol the' .noma |>i’ofHes. Data on relatixi' » omarntrations 
ol the' dilli-rent aroin.i constituents of ( lloiu's TV 12 and 
l\ 17, aie in l.d)l('s H.02 and respe'ctivi'ly, idoauj 

with lh(' Hush i harae (eristics as indicateel by pimiu'nt 
pndile. 


Table 8.07. liflatiie loncnihdlians /nii^hfs in 


) oj aroni i (on.stitiien(\ In C. / C. aw! Ditlunlnx tf,i\ 


C.T.C:. 


of (./onr / I IJ u'itfi ro\fn\ ( to rhnnii frt f 


Ar< uiKi 

('< Miijifmctifs 

Dair 

I*lu‘:iyla(‘c- 

tnl-(lcliy(l<' 

laiialool 

t-linal(>( >1 

t-2-Orvn. 

►1 ( lis-3-lii( vi“ii(>l 

t-2-lir.\(nal 

ii-hrvanal 

M.ihvI 

Oitlaiia) 

Pin'iH'iit pn li- 
l(‘ indie at iiiii 

! 78 

20.1 

7.00 

1,2 

2. 1 

1 .1 

.58.8 

12.0 

58.0 

1 one li ol bi 

2<).(').7H 

10.8 

10.8 

0,7 

2.7 

3 . 2 

0.5. 1 

10. 1 

30,2 

Ihi.sh 

1 |)U< ll e)! 1,''! 

().7.78 

l:b7.78 

10.8.7}) 

10.8 

23.8 

1.0 

0.7 

2().0 

10.5 

0,0 

K..}) 

10,3 

3.2 

3.3 

3.8 

1.7 

01.2 

(..5.(. 

13.0 

11,5 

It). 1 

2.8 

31.0 

52,8 

iiiisl) 

2ll(l HiinIi 

Ka .1 a8c ( (( < 
Sliylilly alfee 

7.0.78 

8.2 

7. 1 

1.7 



11.0 

1.2 


eel Oy tain 
Miyliily allre 

5.10.78 

8.1 1.7}) 

8. 1 

8.2 

7 3 
22.0 

■'.0 

1.2 

I .0 

1 .8 

l(>..5 

12.1 

7.0 

8.7 

10.0 

< el Ov f ain 
Aiiliiiiinal 
.Aiiliiiiina) 






Orthodox 





0.7.7}) 

1 3.7.78 

10.8.78 
5.10.7}) 

13.5 

18.2 

8 . 0 

5.2 

23.2 

11.0 

0 . 8 

0 , 3 

18.2 

31. ») 
15.2 

3.2 

0.0 

7.0 

1.0 

1.5.() 

17.0 

2.2 

1 . 1 

32.1 

.38.0 

5.0 

17.0 

7.() 

10. () 

3.7 

.5.(i 

31.4 

51. t) 

21.4 

bre'Knlar 

Kain alfee ted 
Kain alfee ted 
Mixture of 
rains anel 

}d 11.78 

3 . ( ) 

22.4 

,5.3 


- 

I 1.0 

4 . 2 

1 l.ti 

antiiinn 

Aijtniiinal 


Table 8.03. Relative cometitiatwns {peak hfii‘lt(\ in cm) of amnia cointituents in C. i.C. and Oithodox teas of Clone 7 (’ 17 uith rrspret to flu M c/iaraiten 

C.T.C. 


.\i< )n)a 
coniponent.s 

riienvlaec- 

tal-d<4i)'de 

binaiool 

t-linalool 

oxide 

(-2dl< xe-nol ( ;is- 

3-lu x<-nol 

(-2-h<-xe-nal 

n-hexanal 

Methyl 

hntanal 

Pii'inertl profi- 
le- irielie atiiin 

Daif 










15. (..78 

31 .() 

21.() 

0.0 

3.2 

1 . 5 

80.8 

18.8 

tiO.l) 

'I’eaich of 2nd 

20.(i.78 

0.7.78 

13.7.78 

10.}). 78 

23.0 

17.8 

28.2 

10. 1 

28.4 

23.2 

01 .0 

14.2 

10. () 
11.1 
11.0 

7.0 

2.0 

2 . 0 

2.8 

2.0 

2.8 

2.0 

72.0 

78.4 

18.1 

1 l.<t 

10 tl 

12.0 

1.5.3 

4 . 7 

41.2 

20.8 

50 . 2 

(lush 

2nd Hush 

2nd lln.sli 

2ne] llnsh 
Slif'hlly alfert- 

7.0.78 

0.5 

2.7 

1 .3 



17. 1 

4.0 


e el l)y tain 
Slifditly afli-t 1- 

5.10.78 

8.1 1.78 

7.3 

1 . 5 

15.0 

17,5 

2. 1 

2.8 

Orthodox 


17.4 

22.4 

5 . t, 

4.2 

10.8 

eel hy rain 
Anininnal 
Antnnmal 

15.0.78 

21.fi 

(>7 . t ) 

It). 1 

8.7 

0.3 

28.0 

0.0 

58.0 

I'oiie ll of 2nd 

20.0.78 

t..~.78 

13.7.78 

10.2 

18.0 

28,0 

18.4 

51 . 1 
113.0 

11,0 

11,1 

1 It,. 8 

3 . 5 

4.7 

7.0 

8 . 2 

8.0 

10.2 

20 t) 

35. 1 

2(,. 1 

8 . 1 

8 3 

11.0 

1 7 . 2 

3t.. 1 
t)2 , 1 

Hush 

2nd Hush 

Kains 

2nd flush mix- 

10.8.78 
7.0.78 

5.10.78 

5. 1 

11.0 

11.2 

10.7 

lf).(. 

28 . 1 

It,.}) 

11.3 

1 1 .0 

I. I 

1 . 1 

3.8 

7.7 

13.3 

18 

3.3 

0. 1 

10.0 

<‘<l with rain 
Kain alfer i(-d 
Kaia alfeetcd 
Mixture of rain 

8.1 1.78 

5.0 

20.8 

5 . 0 

- 

1 .t, 

10.2 

7.5 

17.1 

anel ant urn n 
Autumnal 
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Tocklai Experimental Station 


'I’hcsc results show, irrespective of the method ofinanu- 
lacturc, Clhina liyhrid clf)Ue (d Vl?), in general, has a 
higfier coiKcntration of plienylacetaldehyde, linalool, 
and trans-linalool oxide, while* the concentrations of 
trans-2-hexenol, ltans-2-hexenal, n-hexanal and methyl 
hutanal in this ( lone are similar to those of the Assam 
clone ( 4'V12). Concentration ol ( lis-3-hexenol which 
imparts a fresfi green odour is lower in the (lliina hybrid 
than in th<! Assam clom*. 

Another interesling feature was that the same sc^urce 
ol leal behaved dilli rently in the production of aroma 


constituents when manufactured by Orthodox and C/F.C. 
metluxls (Figs 8.01 & 8.02). In both clones, Orthodox 
process prodiicx'd more of linalool, trans-linalool oxide, 
trans-2-hcxcnol and cis-3-hexenol than in O.'l'.C. pro- 
cess, while in the latter process trans-2-hcxcnal, n-hcxanal 
and plienylacetaldehyde were comparatively higher. 
Methyl butanal concentration was similar in both types 
of teas. It appt^ars that Orthodox process helps in the 
development of more aroma components than the C.T.C. 

Further, the levels of aroma constituents were generally 
higher in the first and second flushes than in the rains. 



Fig 8.01 Volatile constituents of Orthodox and C.T.C. teas 


A substantial depression in the concentration of the 
volatih'S was observed during the autumn Hush. 

Both the tasters delected “(piality” in CHone'FV 17 on 
13th July (Table 8.0 H. It is seen from Fable 8.03 that 
these samples had higher concentrations of linalool, 
trans-linalool oxide, phenylacet ddehyde and methyl 
butanal compared to the earlie and latter samples. 
T'he Orthodox teas had \ ery high concentrations of lina- 
lool and trans-linalool oxide. It appears that unsatu- 
rat<xl alcohols related to geraniol might be contributing 
more toward aroma which boosted up the cpiality of tea. 

(iii) Pigment analysis by Unilever Research 

Unilever Research also carried out analysis of the 
Theaflavin ( FF) pigments by HPLC. An aqueous extract 


of the lea was solubilized by mixing with acetone (7:1 
approx.) and alU'r centrifugation at 1.100 g the super- 
natant was used in theHFLC!. The wave length was .set 
at 380 nm to detect the coloured componenis eluted from 
the column by acetone : acetic acid : water mixture. 
The relative heights of the peaks in all the trac(*s were 
comparable on a quantitative basis (Fable 8.04). 

The data show that the C. F.C. process generally pro- 
duces more coloured components than the Orthodox 
process. The concentration of pigments in TV 17 ifs 
higher than in TV12. Irrespective of the method o 
manufacture 'FV17 has the maximum concentration 
of IT followed by its gallatcs, while in Clone TV 1 2, 
the concentrations are generally in the reverse order. 
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Fig 8'02 Volatile constituents of C. F.C. and O rthodox teas 


Table 8.04. Rtlallie (f^iucntialiofis {fit'ck hei^ftls in mm) of Ihv pic,mcnt 



con'(ilihnt> of OflhxJox and (i. 
12 ami / F 17 

7 fi lls Jrom ( i'mti < 

, iV 

Dmc <4 

IF iTt; 

1 F(;(; 


tnrr 

Oiiho- C.r.C. O-t.'u- C.'IM 
c!(X fl(i\ 

Orihn- c.r.c 

dox 



Clone TV 12 



15.() 78 

28, (,.78 
().7.78 
18.7.78 

86 100 91 121 

')7 ItO (.8 106 

86 120 106 116 

61 81 02 101 

107 160 

72 89 

126 V.-ry 

(.0 188 

l.icdi 


Clone TV 17 



29.8.78 

6.7.78 

58 196 66 190 

167 220 188 212 

1,2 108 

122 2!a 


IF 

ira 

HFc; 

riicallav in 

1 liralFivin moiK )r,.'illatcs 
(i — riicallavin (liyallaU- 




Physical and chemical wither 

A preliminary laboratory scale investit^ation was un- 
dertaken to study tlie ehernicjd cliaie^es associated with 
physical and chemical withers nf tea l<*al and their eHect 
on quality of made tea. The object of the study was to 
find out if the usual period of chemical wither can be 
reduced without any deleterious effect on the overall 
quality of made tea. 


fVesh leal from (Hones d’VI and 'I'Vb wer(' subjected 
to the following trc'atiiK'nts on four occasions duriui^ July 
and August : 

1 ) Arlilic ial physic al wither by l)lowini; alternately 

hot f 90 ’ 9a' f' ) air and air at rootn temperat lire 

during a total witluTing j)eriod of 4 and h hours 
(for chemical wilhc*r, designatcal as (IP) . 

2) No physical or cliemical wither (b'rc'sh leal). 

.‘b Natural wither for Hi hrs (control sample, clcsig- 
natc‘cl as Nj. 

After these treat me rits the ri'spc-ctive samples wctc* 
manufactured by (i.'I’.(i. method. 1'Vc‘sh leaf samplc-s 
were also manufactured without withering. J'he fresh 
leaf, withered leaf and the corre-sponding made teas were 
analys(‘d chemically and made tea samples were sent 
to tea tasters for evaluation (Table H.Ofi). 

(Ihlorophyll content decreased with withering and 
the total soluble nitrogen shcjwed an increase. The 
T'F content did not change, while slight increase in T'R 
was noticeable between unwithered and withered leaf. 
The tasters gave almost equal preference to naturally 
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Table 8 06 


meet 


of witfic'ini> on chemical canslilnenls of leaf and corresfondina C.T.C. tms and their evaluation bv tasters 


Witliri iiig p<-i iod 
hr 


0 

(I'Vrsh Ir.ii ) 
4 (CP) 

\\ (CP) 

Ih (\) 


0 

(Ftvsil l. al ) 
4 (CP) 

« (CP) 

K) (N) 


I .cat’ 


% 



Moisture 

WitluT 

Chlorop- 
hyll (a i h) 

7H . r>() 


O.lhfi 

12. [Yd 

74. « 

1). f()‘) 

12 . 

7().4 

0.441 

72 . 7H 

7,4. a 

0.444 

7H.()1 

0(j.() 

0.442 

71.4! 

74.. 4 

0.2(>‘) 

7().‘)<t 

12.1 

0.202 

74.17 

74. t; 

0.201 


% I'olal 


soluble 

O' 

/o 


%'fK 

nitrogen 

IF 



Clone TV 

9 



1.01 

1 

.44 

14.20 

l.«0 

1 

.40 

14.84 

1.H4 

1 

..44 

Ib.bl 

1.00 

1 

.51 

hi. 70 

Clone TV 

1 



1 . 4« 

1 

.82 

18.81 

1. 10 

1. 

.00 

10.84 

1.41 

1. 

.(>4 

10.07 

1.80 

1. 

()(> 

10. (iO 


Math* lea 

TF/FK 

C.’F.C. 

'Fa.sters valuaiioiis (Rs/kg) 

Calruda Tocklai 

0. 100 

12.08 

0.40 

0.000 

12.20 

0..40 

0.092 

14.14 

0.74 

0.000 

14.00 

0.80 

0.007 

14.55 

0.80 

0.081 

14.. 40 

0.44 

0.084 

17.8 4 

7.24 

0.084 

14.21 

7.17 


witlicrcd and 8 hr artificial widicn'd leas from 'I'VO. 
More extensive experiments are, however, necessary to 
arrive at a definite conclusion regarding the pc» iod of’ 
storage of' tea leaf to achieve adecjiiate chemical wither. 

It was of interest to not(' that fii'sh leaf when manufac- 
tured hy (!.T.(1, process producc'd bright and brisk 
liqour. 'I’his is corrol)()rated by high d’h’/lR ratio 
(Table tbtK^) which is directly correlated to brightness 
arul l)riskness. 

L-phenylalanine ammonia lyase 

Tlie enzyme, l-phenylalanine ammonia lyase (PAT.) 
is associated wath tlu* biosynthc'sis of cat(‘chins which are 
converted to TV and 1'R during manufacture. I'he 
mechanism of biosynthesis is through deamination of 
[)henylalanine to trans-cinnamic acid which is regarded 
as th(' first step in tin* metabolic sccpience. Jiecausc of 
its significance in catechin synthesis, the |)resence of 
the enzyme in tea shoot was examined. 

Tea shoots were found to be rich in PAI. activity. 
Activity of the enzyme wais maximum in the bud but 
decreased with maturity of the leaf. 'The activity was 
the least in the stem portion. It is of interest to note 
that the distribution pattern of' the catecliins in shoot 
components follow the .same trend as the activity of the 
enzyme. This indicated that high P.\L activity might 
be associated with increased production of catechins, 
and hence, the quality. High PAE activity in tea shoot 
might, therefore, be considered as (n\e of the indices for 
niad(' tea quality. 

During withering of the leaf, there was considerable 
loss in the activity of this enzyme. 

DIVERSIFrC.ATlON OF PRODUCTS 

During the season, instant tea samples w'ere manufac- 
tuix'd by diflerent proce.sses in the instant tea pilot plant 
at 'lYnTlai. 'Fhese samj)les were analysed for various 
chemical constituents in order to evolve a chemical 
l)asis for their quality as well as to improve the method 
of manufacture. 


At the initial stages, made tea samples were used for 
extracting the soluble solids for preparing instant tea. 
Ibis resulted in ])oor extraction and produced instant 
lea of infeiior (ju .^lity. 'Fhese samples contained very 
low I I' and high FR. It was likely that during the pro- 
cc.ss of hot extraction and subsequent drying of the extract 
at high tem|)eratur(', polymerisation increased resulting 
in low IT and high TR. 

Controlled oxidation of the raw material and its sub- 
sequent extraction under suitable conditions greatly 
improved the product, which had well-balanced 'FF 
and FR and gave brisk and bright brew. 'Fhc work 
on this project is being continued. 

FI F.SITMAITON ME'i'HOD 

The current method of estimation of 'FF has been 
simplified; the details wall be published in Two and a Bud. 

Composition of cup infusion 

'Fhe total soluble solids in made tea obtained by ex- 
haustive hot water extraction of a good (juality tea ranges 
from 40 to 4.S per cent of the dry weight. Compared 
to taster’s 5 minute inlusion, such an infusion, although 
rich in soluble .solids, does not have the desired effect on 
the palate. Exhaustive extraction perhaps brings such 
substances into the liquors w4iich offset the balance of 
desirable chemicals found in a cu|> of lea. Results of 
examination ol the distribution of chemicals extracted 
in a taster’s cup ol tea and after exhaustive extraction for 
I hour are shown in Table 8.09. 

Only about 85 per cent of the total soluble solids of 
C.T.C. teas are extracted in a cup. While caffeine and 
soluble sugar fractions of the solids are almost completely 
extracted, tannins are extracted from 87 to 90 per cent. 
FYxtraction of 'FF ranges from 90 to 94 per cent. 'Fhe 
creaming index of a cup infusion is only 61-77 per cent 
of that of I hr infusion. The higher cream index and 
tannin contents of I hr infusion appear to make it 
bitter and heavy in the palate. 
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Table. 8.09 Composition of Taster's wfusion and 1 hour infusion ofC,TC 
teas from Clone TV J7. '' . • • • 


Cbrmir.il June inanufarlurr .\..o„st n»a-i.;l.u Uur 

(iompc- 


nrnls 

i hr 

(aij) 

Fx- 

1 hr 

(hip 

“o Fx- 

(?t) 8ry 

infu.sif>u 

infusion 

li acteil 

infusion 

infusion 

tra» led 

wt.) 



in cup 



in cup 


solids 

39.17 

33.54 

85 . () 

It. 28 

37 . 51 

818 

'I'annin 

12.84 

1 1 . 58 

90.3 

15.80 

13.81 

87.4 

C'afTcine 

.Soluble 

1.92 

1 .88 

97.9 

1 . 59 

4.1<> 

97.2 

sugar 

1.11 

1 .40 

99.3 

1 .‘18 

1.41 

97 . 3 

ri’ 

1 . SO 

l.(i2 

90.0 

1.82 

1..52 

93.8 

m 

(.]rraiu 

iiidc'X 

19.20 

1().38 

85.3 

20.80 

17.12 

83.8 

(|)<'» gni) 

1.57.28 

95 . 78 

liO.9 

lit). 21 

-50.78 

7().7 


'l iic cxlrnctihility in and Orthodox Iras iVoin 

the .same source of leaf is sliovvii in d'ahic 8.10. 0(H aus(‘ 

of the basic diirerencc in Orthodox atid O.'l'.O. ica.s, 
their chemical composition also dill'er as can be sc'cn I'rom 
tlicsc. results. "Flic cup infusion of the Orthoih x lea 


contains luiu h le.ss oflhe soluble ebemicnis than llie O. I .C- 
lea from tiie s.mu* sourc'c ol leaf. 


Table. 8. 10 Cifmposttiou of 7 aster's injushm and I hr injmion oj O'. / .t-. 



and Orthodox iia\ 

jfom Clone TV Id. 



( I<»'n|>oiu-iUs 
tlty \\\.) 

1 hr 

infusion 

(’up infusij.n 

I'^xtracOxl 

in cup 

Soliiblr 

c. r.c. 

Orthf.- 

dox 

c. r.c;. 

OrduK 

dox 

(l.r.t!. 

Ortho- 

dox 

s(»lids 

11.28 

15.79 

38.. 51 

32.00 

87.0 

09.9 

I'annin 

15.80 

ll..t)9 

13.81 

1 1 . 1)4 

87.4 

(*8.5 

( lallrinr 

4.. 59 

4 . 72 

l.K. 

3.87 

97.2 

82.0 

n 

1.1.2 

1 .21 

1.52 

0.78 

93. H 

03.0 

1 R 

( hcatn indrx 

20.80 

10.34 

17. 12 

11.02 

83.7 

07.4 

(pri t-m) 

l.h.21 

47.87 

.^'0 . li\ 

39 . 3 1 

70. (i 

82 . 1 


ADVISORY SFRVICF 

VVatiu' sample's and den'i'^e'iils H'ceivt'd Iroin diHerent 
’l'('a l'i,stales were examined lor their suilabilily for use 
in Fc'a I'aetory. 

Kay-be(' and N-h'oss inoislurc' nu'ters of various lea 
Ivstales were standardi.sed and calibrated. 
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Highlights 

lime of plucking is a decisive factor in the percentage recovery 
of made lea from withered leaf. Interim findings show that 
certain alternative lining materials for plywood lea chests did 
not taint made teas or had any significant diljerence in moisture 
content^ chemical constituents etc. compared to conventional 
aluminium foil lining even thre^ montlw after storage. 


Ri'COVKKY PKR(;i:.vrA(;i: j rom ij afpluck- 
i:l) A’l’ niFFl.KEM 1 IMPS OF FUR DAY 

111 (’oll.iboralioii willi llu* IFiliiny l)<‘j)artiiK‘rit, an 
<*x|)(‘rirn(*iil was { .irricd out to find out dK‘ naovcry pia*- 
(■(‘lU and ( iip-cliaractors of tnadc t(\a from Iravi's pln- 
<’!a‘d at (lifrcra'it (inu's of the day. d li(‘ result shows that 
porceut.i.^e naov'ery iiureases as j)lu('kin<^ is diderred 
I'roai 07. 00 hi‘s to 1 l.Oi) Ins. Percenlai^e rvaovTry was 
die ininlinurn at O^.OO hr.s and niaxiinuni at 14.00 hrs. 
'I'lie r iU! oi’ re('OV(‘ry varied hetweiai (dones and the lim ' 
intervals. 

'I'ahlc 9.01 below' !:»i\('s details ol'the hours orphieking 
and 'I’astcr’s (^valuation. 

Table 9.01 .\itr<if’y vatu. aim in llslke, of Iras fitid.rtt a! (iijjrrent hours 
of I hr duv 


'f'jislrr.s 



lA'l 

.1. 

r.c.F. c 

LO.NKS 


07 

00 

I ! :V) 14,00 

07.00 

ll.:to 

1 1.00 


tll.S 


li!s hrs 

hrs 

hrs 

hrs 

.\ 

7 

HI 

7.12 7.00 

a. 00 

7.78 

7.71 

1'. 

11 

.J.') 

1;F()0 12.40 

12.3.3 

13.08 

12.01 

C 


.40 

13.^2 

1 4 38 

13.13 

13.43 

I’fiere 

was some 

variation in t 

he tea 

tasters’ 

choice. 


One corisislenlly prcl'crred the 07.00 hrs teas, wdiilc the 
two others prelcrred 1 1 .30 hrs teas. 

Lining materials for plywood tea chests 

Linings of 12 micron Metallised Polyester film, 300 
MXX'F (Saron coated) and 300 MS AT regenerated 
•cellulose films, tlie latter two under the brand names 
*Trayophanc’ and ‘Kesophane’ respectively, were tested 
along with standard conventional lining in 50 kg plywood 
tea chests. 

The interim findings, based on storage of tea for 
three montlis, show that none of these linings imparted 
any taint or caused any adverse elfcet on the liqour cha- 
racteristics of made teas. Moreover, there was no sign- 
ificant difference in the moisture content of teas packed 
with different lining materials. Teas stored in these 
lining materials maintained the same characteristics as 
4ca stored in plywood chests having aluminium foil and 


ti.ssuc paper linings. Two of the experiments were started 
in October and the third in December, and will be 
continued for a storage period of six months after which 
details of taster’s evaluation, moisture content and 
biochemical asscssiiieiit will be published. 

Blending of Jat and Clone 

In continuation of the previous findings on mixing of 
clonal tea (C.d’.CI.) with jat tea in different proportions 
(Annual R(‘port 1977-78, P. 67), further observations 
weie made. When 15‘’„ to 20'’,) of' tea from clones FV 9 
and FV 18 of inferior (piality were mixed with 80'’(^ and 
8.5",, ttxv from a gootl jat (14etjan), strength of liquor and 
(jualily of tlie overall bulk improved. 

.\ [)a»i of this work was carried out in collaboration 
with Unile\t‘r Research, U.K. Fhe object was to mea- 
sure lh(^ colour of lea consistently so that in due course 
it might be possibh* to use coinpiilfu’ to achievi' desiral.)le 
bli'uds oi colour in cup. 'Flic work is in progress. 

For assessment of cuf)-to-cup v.iriatiini of colour, 
thri'c clones, FVl, FV^I) an 1 'FVI 8 were blended singly 
with Ik'tjau jat in j^ropoj lions of' 10i):0, 90:10 an I 

80:20. Fhe ineasunnnents were made with 6.6 g of 
t(“a infused for 6 minutes in 250 ml water. 'Fen milli- 
lilr<‘s of milk was added and the colour tone was deter- 
mine 1 in the .se\’enth minute. 

Fhere was cup-to-cup variation in colour not only 
du(‘ to variations in blending, but also because of non- 
uniformity in manufacture and non-reproducible sam- 
pling from large bulk. Experiments will be continued 
by minimising thc.se sources of error to the extent 
possible. 

Improvement of C.T.C. leaf appearance by split 
G.T.G. method 

In general C.T.C. teas of some clones like TV 1 appear 
brown, which reduces the value of the made tea. Ex- 
periments were carried out at Tocklai miniature factory 
with the object of changing the leaf appearance of TVl 
by split C.T.C. method. The following sequence was 
adopted, 

75% wither (1) Rolling for 20 minutes 

(2) First cut C.T.C. 

(3) Fermentation 20 minutes 

(4) Second cut C.T.C. 

(5) 15 minutes fermentation 

(6) Dry at inlet temperature of 210® F 
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The TV 1 teas thus nianufacturccl appeared a little 
more black. Further experiments are in proi^ress. 


Dual manufacture of jat and clone with different 
percentage extractions of fines 

In conliuualion of the previous investigations on dual 
manulacturc with diflorciit percentage extractions (Ann- 
ual Report 1977-78, P. 67), further studies were made 
on tlie effect ol 10", ,, 20‘f, and 30‘\, extrat tions on the 
eu]) characters oi' C-.l'.Cf leas, manufaetunal from un- 
pruned bushes ()1‘ jats and clones. I'lte wither oljtained 
was 66"., to 68'\, and the withered leaf was rolled Ibr 
30 minutes in a Little (nant Roller. 


'Fhe extracted fines wer(‘ processed I’or making orthodox 
tea after fertncnling for three hours including rolling 
time. The coarse nial was passed twice through CfT.L. 
and fcriiK'nted. 'Fhe orthodox samples were driial for 
.af) minutes at an inlet temperature ol' 190' V and the 
Cf'F.d. .samples were dried for 30 miimtt's at the sanu^ 
inlet temperature in th(' d’ocklai miniature factory. 

66"o witlu'r produced orthodox teas of good mak(‘ and 
appt'arance with fair colour and briskru'ss in cup. At 
lliis relatively hard witiu'r ol' h'af from luipruned bushes^ 
the ( teas imule after ('xtraclion of fitu's did not 
have i'ullness in cup and had a little 11 ik<*y a);]:).*aranc( . 


Tabic 9.02, Afanu/'di hire and (/luilify assessment of rxpeiitnrn'al samfdrs 


Title (if ]Aj)criiiieii( 


.\<). ol samples maMura< I iired at: 
'l’o(klai Na^rakala 


Maria ^ei! lent. Pr a rt ice 
Residue and taintiiif.'; 
trials 

Lonm: term trial of clones 
fireeri tea 
Instant lea 


•M2 

tit) 

hi) 


.')no 

41.^ 

•1.") 

\2 


Evaluation of commercial products 

I)ee[)clean , a litpiid detergent, su|)plird by Messrs 
D.M. Industries (India), (ktUuilta was tested lor washing 
lennenting room lloors and proc(‘ssing machinery in 
tea iaclories. 1 he samj)le ol diMergent had a pH of 7.0 
and was considtued suitable for use, provided normal 
|)r(‘<'aution is taken to ensure that the floor is thorou- 
ghly washed with dean water to remove possible 
deposits of th«- li(|uitl material. 

pll of the firllowing detergents were found lo be as 
follows : 

Dedeiiol Stijicr N 7.20 

lledaiisan liejuid detergent 7. 1.3 

I’he maximum ptuinissible limit for a detergent 
shoidd !)(' between pll off)., 3 and 7,0. 

ADVISORY WORKS 

(a ) Tasting scs.sionr.: !?() grt)uj) tasting session’' were 
arranged by tlu' .\re,i Scientific (iommitlees in diliermit 
pai ts o) N.F. Indi.i. The lasitug sessions were followed 
by discussions on m.iimliu t ui c under diffciauU factory 
conditions. X'isits wcic pai l wluM'cvtM’ necessary. I'Ik* 
planltM's look ket'U interest in thest* sessions and the 
l»)llowing disc ussions. 

I h( r<*a Tasters \ isiled 130 factories to advise; on 
maimf'acltnin*; pioblcutis. 

(b) Seminars : Nine l‘a)gin(‘(*ring and Maimfacluring 
Seminars held in N.F. India w<T(‘ alKuuhal by the I'ea 
d'asters. 

(cj Tasting : Number of .samples tasted during the 
year at 

Tocklai 18,320. 

Nagrakata 22,114. 



(6ngimmnu[ Cl* 0fbflflpmenl 


Highlights 

One comtncrcial unit of 7.> cm (loninniom / C(i Roller mnnu- 
/(({ lured and mslalled in an estate is n'orkiuii fully satisjm tori' v 
and lii'o more commeK lal units have been installed in tivo other 
estates. I he first roll performance of the 37 cm prototype Con- 
iinuous 'I ea R(d/er has also improved considerably, and teas from 
this machine ivere generally prefired to conventional teas by 
7 as ters . 

After some modipratnms in the design, the B.L.C. Mark II 
is noiv ,itivin!f as iveH processed leaf as the rotorvane does. Some 
modifications in the desion of the Cutter Attachment icere also 
done fa its satisfactory ivorknti> niih rotorvane. 


CONTINUOUS cRui'N proc;i:ssin(; 

MACHINES 

(a) Continuous Tea Roller (CTR) 

(i) If) cm Mo(l(‘l : Tliti'c (omnK'iTial uriils ol' 
45 ( 111 ( loiilimioiis Tea RolNa' liav(‘ Ix'cn matuilacliircd 
and insiallt‘d atllah'in IM’.., Aidau{)ukliiiri A'.Vj. and 
Chahna A .E. dnrimr die year, d'lu' first two wcaa* mami* 
factured hy M s Trade' & Industry l\t. lad. of d'c/piir 
and tlic third one by M/s Sti'clsvvortli lad. of Tinsiikia. 
'The macliinc at Ilalcin T.kh is workini^ r<‘srnlarly iVom 
5th Auii^usl 1978. AlU'r some initial troubles, which were 
sorted out (|uiekly l)y ('orr('ctinjL» tlie iuaceuraeies and iT- 
posilionini; some vanes, and wlien tlie‘'runnintr in”pcriod 
was over tlie performanec' oftlie machine was fully satis- 
factory both duririjr the first roll as well as during the 
seeond roll. 'Tlie manager in his report on the performan- 
ce of th<' machine mentioned that tasters from a broker 
house who tasted the sainph's jireferred C.l’.R. teas to 
conventional teas in leaf grades and overall standard. 
Tor seeond roll, the manager report(‘d, the capacity was 
established at 1800 kg/hr and with a higher wither the 
machine (ould take as much as 2200 kg/hr. Another 
noticeable feature reportc'd was that the exposure of stalks 
is less in the C.'T.R. probably because the .skin is not 
pr^'Uxl off. When the machine was tried for the first roll, 
the manager reported, the output achieved was only 
450 kg/hr and after two passes through the C.'T.R. the 
appearance of the sort('d teas compared favourably with 
(hat of comamtional teas. On checking the 1st roll capa- 
city was found to be 570 kg/hr. Tn his next report the 
estate manager reported that the machine is doing an 
exceptionally gocxl job as a 2nd roll machine. 

The machine at Ohabua T.E. was installed during the 
end of the stxison. After some initial tn^ubles the 
machine started working satisfactorily but could not be 
used for long to give any conclusive result during the 
last seiison. During the (wly 1979 season the machine 


was further check(*d up and cleared for rc'gular use. 
'Th(‘ performance is now satisfactory. 

'The other machine, whicii is an improved versiim 
made by M/s 'Trade & Industry Pvt. Ltd. wllli a modi- 
fied frame incorporating all the improvements done at 
Halcm T.l’v. was installed at Aidaupukhuri T.ls., during 
March ’79 and is running fully satisfactorily fro;u the 
beginning. 

'Th(‘ original 15 cm pr(Jtotyj:)e built at 'Tocklai was ins- 
lalh'd at Ilunwal factory wlicrc it was used for the rou- 
tine second roll during the first and early sccon 1 flush 
period to the* full satisfaction of the estate. 

Pending the issiu' of' manufacturing licence, permission 
has been granted for construction of a few more 45 cm 
Continuous T(‘a Rollers in view of the demand for this 
machine from tli(‘ industry. 

(ii) 37 cm m > d(d : The 37 cm j)rotolyp.! Cinti- 
nuous 'T('a Rollei* was installed in Hunwal factory for 
further trials an I development under commercial con- 
ditiems particularly with reference to first roll perfor- 
mance. Various modifications to tlu' rotor of' the 
machine during, the course of the ye ir rcsultcxl in im- 
proved performance. As the estate was doing only dual 
manufacture from the second flush period, this machine 
was tried out for dual manufacture only. A summary of 
tasting reports given by Tocklai and Calcutta Tasters 
is given in tables 10.01 and 10.02. 

These results show that the performance of the 37 cm 
C.'T.R. improved continuously throughout the season 
and finally the 1st fine samples from the C.T.R. were 
preferred t(i corresponding conventional samples a higher 
number of times, while the C.'T.C. samples from C.'T.R. 
coarse were preferred to corresponding Roll/C. T.C. sam- 
ples more or less throughout the year a higher number 
of times. Work on its further improvement will be con- 
tinued under Darjeeling Conditmns next year. 

(b) Withered Leaf Preconditioner 

The bra.ss rollers for the withered Leaf Precondi- 
tioner were received at the end of the 1978 season and 
the construction (^f the machine was completed by the 
beginning of the next .season. Hence no trial of the 
machine could be taken during the year. 

(c) Barbora Leaf Conditioner Mark II 

The commercial version of the Barbora Leaf Con- 
ditioner Mark II was found to be giving underproccsscd 
leaf. The machine installed at Monabarie T.R. was taken 
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Table 10.01. Summary of Tocklai Taster's report on 1st fine andC fC 
Samples from the trial of 37 cm Continuous Tea Roller 



No of sets of 

No. of C l’R. sain- 

Pt reenl i 

no. of 


comparative' 

pies prelerred or 

C.'i'.K. s; 

iuujiles 

Mon ill 

samples. 


valued at 

par 

jirefeired 

or 






\ allied at 

par 


hst fine 

C.'l.C. 

1st line 

t;. i.t:. 

1st tine 

C. l .C. 

May 

26 

26 

22 

17 

84. () 

t >5 . 3 

June 

26 

2() 

11 

16 

42.3 

61.5 

July 

40 

39 

17 

20 

12.. 3 

51.. 

August 

28 

28 

13 

19 

46. t 

67.8 

Sept. 

16 

16 

7 

11 

43.7 

68.7 

0(1. 

8 

12 

4 

6 

."lO.O 

.50.0 

Nnv. 

13 

13 

7 

9 

53.8 

69.2 

\)vc. 

5 

6 

3 

4 

60.0 

75.0 


Table 10.2. Summary of Calcutta Taster's report on 1st fine and C.T.C. 

samples from the trial of 37 cm Continuous Tea Ro'lcr 



No. of sets 

No. of C]. r 

.R. 

Per (cnl no. of 


coiujiarativc 

.sample.s pK 

'ferred 

C.l.R. 

sampl('s 


sample’s 

or valued , 

;it par 

|>reli’rr( 

’d or 

Month 



valued 

at par 


I St line C.'l .C 

. 1st tine C 

l.'l'.C. 

1st line 

C. 1 .C 

Ma\ 

16 16 

() 

8 

37.5 

.50.0 

June 

2(i 25 

10 

10 

38.1 

40.0 

Juh 

37 36 

15 

<) 

10.5 

25.0 

August 

23 23 

14 

13 

60.8 

.5(i.5 

.Sept. 

13 11 

8 

7 

()1 .5 

50.0 

()< l. 

2 2 

1 


,50.0 


Nov. 

3 3 

___ 



- 

l)e(. 

5 ti 

3 

;5 

()0.0 

50.0 


II]) for improvement. The badle rim^ at the clisrliarj.'c 
end was replaced by a plane ring and the diameter of the 
pressurising plate was increased, d'liis gave very .satis- 
factory result and now tin* rnachiiK* gives as w(dl pro- 
cessed leaf as the rotorvane does, fdence these modi- 
lications are made standard features ol the machine. 

(d) Cutter Attachment to B.L.G. and Rotorvane 

d’he new modilied (luttiu' Allachment made of 
slaiidess steel is working satisfactorily with in 

Leesh River d’.K. ddie cut ol)tainedis reported to be simi- 
lar to the 1st cut But damage was caused to tlie 

cutter blades frecpiently due to presence ol metal piec(*s 
in tlie leaf, d o avoid this dilTiculty tlie inanulacturers 
have been advi.sed to incorporate a sliear j)in and alarm 
l)cll arrangement. 

Although the Cutter attachment is working satisfacto- 
rily with B.L.C., it had some problems with the rotor- 
vane at Monof)arie d".F. due toleaf jamming and e,\cessiv(‘ 
heat development. i'o improve the performance a set 
ol specially designed resistors were fitted to the discharge 
end of the rotorvane. As a result, the Cutter Attachment 
worked better without leaf jamming and heat develop- 
ment. Also after this modification Cutter plates with a 
higher numl)er of blades could be used to give a finer cut. 
But it wa.*^ found that although acceptable results were 
obtained this way the motor was getting overloatled. 
Hence it has been decided to modify the design further to 
incorporate baffle ring to facilitate passage of leaf 
through the Attachment without overloading tlie 


iiiotoi. Modification drawings and the baflle ring have 
already been suppliiul to the estate. The nuKlificatiou 
work will be carried out by th(‘ est.ite in the next .season, 

CON'riNUOUS rKRMKM’lNC MACHINK 
1 he (.ontinuous I'ernienting Machine manufactured 
liy M s lea-Ma Consortium under I RA's licence and 
installed at ( innamara 1.1’,. was having some Iroubles. 
1 he machine was thcaefore tfioioughly clic ked up and 
was reported on. 1 he matter iias now been taken up 
witli the manufacturers on tlu’ l)asis of tlie report for 
necessary modification and rec tification of the defects. 

PLUCKINC .Ml) 

I'dlorts to g(M a light weight d.c. motor and light weight 
Nickel-Cadmium battcTy suitable for motorising the 
jilucking aid so far could not jiroduce any n*.suh. fhe 
battcay is available’ but its c'ost is jirohibilive, while a 
suitable’ light wc’ight d.c*. motor could not be fiiund yet. 
Hc'iicc’ altem])ts aic’ now being made’ to use an ordinary 
Ic’ad acid batlcay with a long flc’xible cable and a d.c. 
motor of available' type’, although not cjuite .suitable. A 
modc’l of motorisc’d jilucking aid has bc'c'u made in this 
way but for its ac‘c c’[)table |)erf'ormanc c‘ further improve- 
nu'nls arc' nc'cc’ssary. Work in this dirc'ction has been 
take’ll up. In the’ mc’an time c'fVoiis arc’ being made* to 
import two jiluc king aid mac hine’s from Japan, one 
battery operatc'd and the’ othc’r a small two-stroke 
engine operatc'd. 

SKPARA l’lON OF S'FALKS 

f urther work has bec'ii ticken uj) to ti'y out various ideas 
to find out an effc'ctivc' principle for this purpose. Mo- 
dc'ls arc' being constructed f ir trying out .some mon! ideas. 

Win 1 VA< 1 N( ; vxiv i pm i: n r 

Work has bc’cn started to produc e a model of a c:om- 
pact, (‘flicieni and continuous withering system. 

CALlBR.VnoN OF MOIS I URF MK'FKR 

Laboratory work for the’ calibration of the kappa mois- 
ture* meter for C.'l .C. bulk tea, BP, Of’ and dust has bc*en 
complc!t(*d. Fhc’ data is bc'ing analysed by the* Statis- 
tics Department for dc'veloping the calibration ecpiations. 

n (;roovi: an(;lf c.t.c. chaskr 

A tool making firm has bc c’u loc atc'd to maniifaclure 
4.a groove angle- 8 F.P. 1. C.'F.C. chase rs reported last 
yc-ar for increasing the out put of C.T.C. rollers. 'Fhe 
firm, M/s (-'ontinc-ntal I'mginec’ring Co., “Nc'clkanth”, 
26 B Carnac Street, Calcutta 700016 can now supply such 
cha.scrs. 

MISCFLLANFOUS 
All India Co-ordinated Project 

Some work in the field of development cjf Tea 
Machinary have been proposed in collal)oration with 
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arniiiation of such factors as (listril)ution of rainiall, soil 
type, depth of soil, etc., of the concerned estate. 

(hi/ Irrigalion and drainage requirement suggested 
in d’alde 11.01 need to he tested hy actual field ex- 
jx'riiuents h(‘lor<* large scale [)rograinrne is adojited. 

Darjeeling 

suRVKV ON I'li'iJ) man.\(;i:mi:\'!' and 

I'NVIRONMKN'I AL FAC IORS AM’KC'I IN(; 

1 HR Yiidd) OR ri:A 

d his survey was underl;ik(‘n for tlie pcaiod 10r)3-’73 
on 31 ineniher estates in Darjeeling. I In* object of this 
survey with some results was reported in tin* 'I’oeklai 
Annual S( ientifie Rejxiris, lO?')-’?!), [)p. t)l-f)2; 197()-’77, 
pp. ()r)-()7 and 1977-’7U, jjp. 71-77. Further, results 
from the survey during the ycair are summarised below: 

(i; Area under dilTerent jats of tea (as on 31.12.73) 

'I he distribution of la.nd under dillerent jats of tea 
sliowed that HO per cent of llie total area W(Me planted 
willi dark leal (yp(‘ nf tea aiul only 4 per e<‘nl with liglit 
h'al tea. About 12 p(‘r (cnl were found to b(‘ plant(‘d 
with mixed /V// of tea and the information on tin' remain- 
ing 1 pt*r cent was not iivailabh'. 

(ii) Tea area under shade 

Out of the total area undt‘r te.j al)out ati j)er cent area 
were found to bt* shaded while 3H |)er ciait were un- 
shaded. Information on tlie remaining 0 per cent was 
not av.iilable. I'urtlier, most (about 12'3,) of the 
sli.ided tea was locaUxl upto <in elevation lObH m (3300'). 

(hi) Distribution of area{'\,) under tea at different 
elevations 

Most (70",,] of the Darjeeling tcxi w<a’e j)lant(‘d be- 
tween an elevation of lilt) m (2000') and 1323 m (3000') 
and oidy about H per cent were upto blO m (2000') 
and () p(‘r cent above 1323 m (3000' ). Idevation of the 
remaining 7 per cent area under tea was not available. 
Detailed illstribulion can be seen from Table 11.02. 

Table 11.02. lh\tiihuti<in of tutui (‘\,) ntuhi Itn tit dijittrnt (hrationi 

in 1973 


Table 11.03. Distribution of area (%) under tea at different aspects 
in 1973 


Aspect 

North 

.\<ir!h-ea.st 

Ka.st 

.South-east 

.South 

.S«iu(h-\vest 

West 

Xorth-west 
I ri known 


% of total 

20 

8 

16 

6 

13 

6 

t() 

10 

r 


at east and west, and 13 per cent at .soitth aspect. 
Only about 30 })(T cent wert* at north-east, south-east, 
south-west and north-west aspects. 

(v) Area under tea at different angle of the slope 

About 70 per cent of' tlie area under tea was on steep 
slope (above ;^0 ) and 30 per cent on gentle slope 
(below 30 ). 

(vi) Age group of tea and the corresponding yield 

1 he efh'ct of age on the yielding capacity of tea 
buslies planted on light and heavy soils was reported 
earlier (.\nnual S( ientifie Report, 1976-77, p.67). Yi- 
eld (KM 411) incr (‘ased steadily upto about 33 years and 
thereafter, it started declining on both the soil types. 

1 able 11.01 shows the distriliution of area by age 
group of tea and tlie corresponding yield for 1973. 


Table 11,04. Distribution of area (%) and average annual yield 
h' for 1973 

( estimate based on It estate's) 


Age-grouj) 

Peri'rnlagc' of 

A\(‘ragc yield of 

(in years) 

area during 

1073 

Made Tea (kg/ha) 
for l‘)73 

0 7 

0.8 

337 

7 11 

1.4 

581 

1 1-13 

0.(i 

730 

13 20 

0.7 

77(i 

20-23 

0.0 

869 

23 30 

1 .0 

1050 

30 40 

1.3 

1177 

40 30 

2.2 

1027 

.30 60 

2 44 

OOt) 

t)0 80 

(') . 2 

703 

Abi.M- 80 

23 . 3 

7.33 

Unknown 

.31k 5 

717 


Klevation of total 

Mitres 


Itelow 

303 

Uelow 

1000 

303 

()i0 

1000 

2000 

tdo 

013 

2000 

3000 

013 

1220 

3000 

4000 

1220 

1.323 

4001 1 

3000 

.\ho\ (' 

1.323 

,\bo\ e 

• 3000 

1 nknow n 




(iv) Location of tea at different aspects 

Maximum area (alxml 20^\,) under tea was at north 
aspect (I'able 11.03) followed by 16 percent each’ 


Area under tea upto about 33 years upto wliich yield 
was found to increase, was very much negligible as com- 
pared to the tea area under declining group. 1 his is 
a very much alarming situation and therefore, needs 
immediate amelioration, 

ANALYSIS rRC:HNl(.)URS FOR LONG-TRRM 
RXPRRIMRNTAL D.\TA 
In a simple experiment, yield from each plot is 
represented by yield = Mean yield -f-eflect of treatment 

efl'ect of repeat (replication) 
-h random error (1) 
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Irratrnent effect is reflected in treatment variance. 
This is measured against random error. If the ratio 
between treatment and random variance is iiKnv than a 
require ! ‘F’ value, then the treatment effect is siirihih-ani, 
otherwise the hiull hypothesis’ is accepte:!, i.e., tiie tre ii- 
II lent efVe Ms are not difl'erent. 

In case of pereimial crop like tea, tlie expei imeuts ai\* 
retjuireci to be continued f'or a lonir period to liii 1 oat ih(‘ 
pcM'ii >rmance of treatments when applied on the same 
bushes over a number of years. After completion of the 
experiment, combined analysis over the period ol' exp(‘- 
rimentation is carried out to find out the overall penfor- 
inance of the treatments. In the usual analysis, the jrro- 
wth effect of the bushes due to correlation in yi(‘l(l be- 
tween succ(‘ssiv(‘ years of exj)erimentation cree[)s in to 
inflate the random error. As a result, the observed error 
variance over the cumulative years of analysis of data 
generally shows increasing trend, from the theoretical 
point of' view, the effect of* treatments should be t(‘sted 
against the actual random turor hut, it is being test<‘d 
against this increased varianc(*. I)u(* to this reason, 
systematic growth effect has to be segregated from the 
random error in order to increase the efficiency of (‘xp<*ri- 
nientation. 

Preliminary studies on the pattern (»f the observ<‘d ex- 
perimental errors over the period of experimentation 
were made to find out the nature of correlation over the 
cumulative years of' experimentation for the following 
three long-term experiments. 

(a) Uniformity trial (bascal on fi years yield data). 

(b; I'ertiliser experiment (based on 7 years yield 
data) and 

(c Different methods of Plucking experiment (base 
on 4 years yield data). 

.'\ Statistical methodology for segregating this 
iiK'ieasing olxserved error variance into two cf)m})onents 
wa'i developed for the above experiments. ()n<’ typical 
result shown in Fig 11.01. 



T • Observed error varUnca Over cumala«lve years 
of experimentation and systematic growth 
component . 

In this ligui<‘, broken line shows the system. it ic growl It 
efl(‘ct aft<T segregation of llu' ramlom comjxmeiit. 'Fhe 
difli-rence between the bold and bioken lines is the 
actual ramlom «‘rror which has Ixa' i shown with .shad<‘ 
in th(^ figure. 

It was found out from tins slu ly that o!>>erv(‘ 1 error 
variau'M* (faror I‘d) generat(‘ l by a first oi\ler auto- 
r<‘g essive schenu* (Markofl S<‘ri(‘s) for these exp<*riments, 
iiividved growth effect (f'.g) and independfiit random 
iTror (l')r). 

'fherefon*, on th(‘ basis of the abova* mentioned first 
order autoregressive s(‘hem<‘, it betame |>o.ssil>le to 
segregate the ol)serv»*d error into two j)arts, 

(i) 'The correlated part (gn)wlh component) and 

(ii) the random part (expiTimenlal (uror). 

The results an* prest‘nt(‘d in fabh's 1 1 .1),') a, b and e 
n*s|)eelively. 

Further work is in progress, taking into eonsidera- 
tiori the ag<* of' the tea, length of <*xj)eriment it ion and 
typ<‘s of experiments, to find out an approjjriatcr statis- 
fi('al inctu xl f(>r s<*gregaling the ovserv(‘d experiimmlal 
error and for testing the treatment effects witli the app- 
roj)riate <*rror. d liis woidd enable to incre.ise the effi- 
ciency and lesl (h<* Irealment effects wilh (he ai)proj)riate 
error. 


Tmble 11.05. Seorenafion of observed error l ariaru e win i’roirth ami random <omffonent\ over (umnlalive yenr\ of lon^^-'rroi ex/xrlnirnfaHon with lea 
m. llniformHy tri'd exl>rrtmerif {liokahola i K.) 

Dale of fflanlina : i 

Period of exfmimrnlalion : 


('immlalivc Year 

— ► l‘H)4 

191)4 i (if) 

iy<)4 405 

1904 4 05 

VMr\ 1 05 

1904 ) Oj 

Kan^e of 




-fOf) 

4 (,l, 1 ()7 

4 l,() t 07 

d-OO 1 ()7 

C.V. (%) 






O-08 

1 (>8 { (.9 


srror V a nance 








\\ .S'-^reijalion 

r,4.2H 

157,27 

293.53 

352.77 

454.17 

.535.29 


(El) 

(15. lfi%) 

(24.57‘\,) 

(31.72%) 

(34.48%) 

(37.48%) 

(39.83%) 

15.10 39.83 

■ 

( a«)Wth t) 

1 2U . 22 

200. <»4 

331 . 18 

435.29 

.51(8 8 5 


Ulrr 

ponent (Ee;) 

(21.48%) 

(30.23%) 

(33 41%) 

(30.70%) 

(39.21%) 

21.48 39.21 

(eirrrvjation — 

Rand* i 

tn ("om- tvt.28 

37.05 

2(>.89 

21.59 

18.88 

10.44 


j>()n*‘nt 

(Kr) (I5.I()%) 

(11.03%) 

( 0 .r,o%) 

(8.53%1 

(7.04%) 

(8.98%) 

0.98 1.5.10 


N.B. : Figures within brackets indicate C.V. (‘’o) 
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b. Fertilizer experiment (/Iv (>3) 

Date oj fjlantirini : ^ 

Period ()/ experimentation : P./t,0'72 


(lurmilali\ «• \ Car 

Fa 1 or Variants 


i (»7 

l‘M>() 4 h7 
i ()« 

l‘)()() 1 07 
i (,8-f-(i9 

19()0 i 07 
C()8C 09 

1 70 

1900-1 ()7 
C()8 i ()9 
i 70 ( 71 

1900Ch7 
4-08 i 09 
-t 70 f 71 

4 72 

Range of ( '.V. 

Without .Srf./rri'alioii 


•1(,1.24 

7(.0..")7 

KHO. 18 

1242. -10 

1:392.4:1 

1 (>28.84 

I4.:30 44.:34 

(FI) 

(i:f:50"„) 

{1‘F2!%) 

(2;F7(,%) 

(27.4‘1%) 

(29.74%) 

(41.82%) 

(44 . .349{)) 

( io will ( !• in- 

0 

. i.^> 

(>17.01 

‘H‘).()7 

1 1.'')8.24 

1414.00 

1554.84 


Altrr pMiM iit (1.1') 


(lh.11%) 

(21 .o:vc) 

(2(..2a%) 

(28.70"o) 

(40.91 ‘5,) 

(42.50%) 

10.1 1 -:32.50 

.S( ^rff'ati<m 









Ixandtiiii ( !o- 


i:ih.7n 

1 12. 

‘)l .41 

81. l(i 

78.27 

74 . 00 


iii()oiu rii 
(Fr) 

{i:F:Ui%) 

(lO.K)",,) 

(9.10%) 

(8.1V*,) 

(7.71%) 

(7.51%) 

(7.10%) 

7.10 14.4^ 


N.li. : I'iizmrs ;i illiiri hrmket^ imtnatc (,.l\ 


c. PliakttiiZ expftinufil {li 

Date of plant nnz : 2H.II).IU3<) to C.l I 

Period of experimentation : I't/’l-'/ I 



( Iniiiul.itiM' 

1071 

1071 1 7: 


\Cai ► 



F.rror Vari.iiK 




Without Seip( 

■L;ai K m 

I. .(>7 

14.28 

(FI) 


(5.v;%) 

(8.28-.,) 


( irow ill ( :< i I- 

0 

10.04 

A Her 

|). neii. (1 g) 


(0.94-,.) 

.S(gr<'i'ali'»n 

U.ilM loin 

().i)7 

1.25 


( Cli ipoili III ( 1 .1 ) 

(C29'-..) 

(1.52**.,) 

N 13. : 

Pii\H)e\ >ul‘ in 

indiiole (*’,,) 



'I lu'orclical woi k is also iti proi^rcss in tins ('onticclion . 

joiM ki:si-:ar(;h PRojixrr 

Analysis ol lli<- NPK K sponsc surla( c data for llu* year 
1977, coiuliu tcd on sites consistiiiLj of 36 experiments 
t'ovt'riiii^ dilleriMit .n;ro-elimati<- regions of Nortli-east 
India (Annual Seic’iitilie Rejx)!!, 1977-’7H, p. 77), was 
carried out duiitn; the year. 

'I’lie study (Ui soil X, P and K with crop for these 
experiments also continued duriiin the period. 

MetliotloioLj;y lor combination of experiments on this 
study over jdaces and )ears has been developed and fur- 
ther work to achieve the objectives is in progress. 

I'lie study with monthly rainfall data for eight tea 
estates ol' Upper Assam and Pocklai supplied by Soils & 
Meteorology Dejiartnamt continued during the year. 
d‘he probability of receiving u[)to a certain quantity of 
rainfall during cold-weather, ju f'-monsoon and monsoon 
periods was found out. Further, probability of receiving 
alx>ve a certain quantity of rainfall during each month 
for the eight tea estates and Ibcklai was also found out. 

SrATISTK’.AL SERVICE FUNCTION 

Statistical planning, arrangements of blocking and ran- 
domisation for dilferent research projects were carried 
out for a number of e.xperiments during the period. 


1071 1-72 

1971 1 72 

K.mne » 1 

: 74 

: 74 i 71 

(;a;(%) 

24. 17 

:3(,.(,5 



(10.<‘,%) 

5.2' in. 99 

17.08 

40.14 


(8. 12'*,,) 

(10. (-2%) 

0.94- 10.02 

5. 10 

to 2.1 

■ ■ ■ ■ — ■■ “ ■ ■ 

(i.o:)‘*o) 

(1.54'C) 

■1.52 5.20 


In addition to this, method ol analyses was det<‘iiuiued 
for a l.ugi* uumlx'r of (‘xperimeuts ol various projct ls of 
th(‘ Station iiu ludiug Idi.l). projects of the Biochemistry 
and Soils X’ Meteorology l)e|)artments, to acliit'vc the 
object ivi'S of the exjx'iimeuts. 

DATA PROCI.SSINC; ON 11 IE UNIT RECORD 
MACHINES AND ON 1 HE ELECTRONIC 
COMPU'lER 

Field and Laboratory experimental records for 1977 
and 1978 on computerised proforma poured in practically 
from all the research departments and from the estates of 
North-east India. Weekly/monthly/yearly yield and 
other experimental records for about 450 experiment.s 
were checked, punched and verified on the Unit Record 
Machines at Tocklai. Computations of about 480 
statistical analyses were carried out on the Unit 
Record Machines and on the Electronic Computer at the 
Assam Oil Company, Digboi and LI. 4'., Madras, which 
included 217 computations for the Ph.D. projects of the 
Biochemistry and Soils & Meteorology Departments. 
In this connection, 7 computer programmes were 
written in F0RTRAN-1V language for the combination 
of experiments on NPK response surface and for the 
Ph.D. projects for computations of the same on the 
electronic computer. 



Agricultural (Bronomics 


Highlights 

A study of variations in crop yield within a given agro-clwmtic 
tea district, based on data from 4i() 1 UA member estates, showed 
the possibility of increasing average yields by concentrating on 
toil' yielding estates; the potential was highest in Terai. The 
data provides useful information to Advisory Officer, to look for 
the factors responsible for low yields and identify the factors for 
high yields, as well as to help poorer estates in increasing their 
productivity. This will also help in formulating the U & I) 
projects for increasing the productivity beyond the existing yield 
levels. 

Piconomic evaluation of control oj Thatch grass (Imperata) and 
Sour grass [Paspalum) weeds under experimental condition in- 
dicated that one round of glyphosate application was effeetire 
f r the control of Imperata and Paspalum iveeds followed by 
tun rounds of 2,1-D to control broad leaf ureds. 1 he eo.\t 
benefit ratio was found 1:12. 

The economic evaluation of clones and seeds icas taken up in 
three parts [a) clones certified and released by 7 oeklai for Darjee- 
ling {h) clones I V14 1 I 22 released for plains (( ) long-term 

experiments of different T oeklai clones conducted at Porbhetta. 
Tnder Darjeeling conditions improved clones eontiibuted hetoren 
Ps. 1197 and 6755 per hectare more than the standard. Sur- 
prisingly the higher valuation of finality clones does not compen- 
sate the loss in yield in some cases. \’aiious long-term of trial sat 
4 oeklai .Yen' Area shon^ that the clones 1 VI 1. I V 17 , I 17//, 


11 19, 11 20, I\ 22, Ik I V 25 are better yielding than 
standard clones. Stocks 597, 449 and 450 aie better than 7 in- 
ganiira seed. I.ong-teim experiments at lioibhetta showed that 

7 14, 7 Vli, 119, IV 10 , I V n, 7 V 12, I V 15 , 7 I’ H, 
/ I 15 1 I It), 11 / ’. / I' iiy / I’ jg v/r»(7 4,50 are 
better in yield than I I / udiieh was taken as standaid. 

I'.eononiics of weed eonhol on 50 estates for the pci uni 1970 ter 
77, showed that the aveiage cost of weed eontiol declined from 
Us. ()0() pn ha in 1975 to Us, :)5l{ per ha in 1977 I he e.fta 
yield due to <i eed control ineteased ftom 1 25 kg ha in 197 5 to i:74 
kg ha in 1977. 1 he eo\t benefit ratio was found 1:5 in 1977. 

7 he motion and time study in 25 estates of f jipei .Issaiii Jor- 
hat ill etc, .\.fiank and Dooms was the basis for an Cilui .iinnial 
film depleting diffeient millions involved in plucking op"iation and 
then iinpiUt on bush, plucked leaf and plucking efficiency. 

One te< hiio-econoinie study of an estate in Dmjeeling it'a.s 
(oinpleted and tliiee I ea l''.conoinies eouises au'ie (onducted dining 
tin period. 

I. Variations in yield within each sub-area of 
TRA member estates for the period 1970-76 

V.ni.iliriis ill yield in siiniliii- aL(i i<: condilioiis 
icllei ( die Ie\(‘l ol m.iiiiiLjeiiieiil of l.ii tots <»l‘ protliict ioll 
ill iieiL;lil)i)m iii;^ ( stales. I leiK (* yield data IVoni 41)0 


Table 17.01 (a). 

i'iiht jH'iJormvirr fm 

■ 917', 

Dogn 

'oni It 

c f.,oi 


Suh 

\o. ol 

Instate 


.\v. 




( :<K 

Ic Area 




3'eild 






'I'otal 

Rep- 

Adove 

kg l,a 







lieci 

Av. 


|. g 

1 1- 

3 1 0 y 7 f 

01 

Darjccliti^ 









Crnl. 

7 

7 

1 

( t7 3 


1 

2 I 1 

02 

1 )at icclinu; 









];as( 

7 

3 

o 

nil 



1 1 

03 

narjccliiit;; 









WVsi 

n 

1 

1 

()20 



2 1 

04 

'recsia \'allcy 

7 

(, 

1 

790 


1 

1 

03 

Sfinafla 

n 

7 

3 

002 


2 

2 2 1 

0(i 

Kiinid’ong 

n 

3 

3 

731 


1 

1 1 

07 


1 

4 

•) 

n,n3 



1 

on 

Kurscorij.^ 

7 

6 

2 

■107 

2 1 

1 


09 

Mahanadi 

.5 

3 

2 

023 


1 

2 

'liWS 

il Darjeeling 

61 

47 

23 

(»9() 

2 1 

7 

7 i, 1 

10 

I'erai 

20 

21 9 


1113 




Tabic 12.01 (b) 

t'ictd perfonnavee for 

9:70 

Dooars 




Snh 

\o. < 

if I’stales 

Av. 




C( 

xle Area 

-- 

— 

— 

Yield 



- - 



I'otal 

Rep- 

Abo- 

kg/ha 







lied 

ve Av. 


'+ n + 

9 f 

10 ( 11- 1 

11 

Jainli 

9 

9 

3 

1632 



1 

12 

Kalrhini 

13 

12 

4 

1761 




13 

Dalgaon 

16 

13 

7 

1614 

1 

1 


14 

Rinaguri 

17 

16 

n 

1733 

1 



15 

Nagrakata 

12 

12 

6 

1634 



1 1 

16 

Chulsa 

13 

12 

5 

17B1 




17 

Dam Dim 

27 

23 

9 

1631 

1 

2 

1 1 

'lotal Dooars 

107 

99 

42 

1684 

2 1 

3 

3 2 


^ i< l<l (.)i1s/Im 


n . j Id ! II I- 12 I I H 1 1 I r> I Id i 17 i in •• !•* > 1 ) 


I I 
I 

I 2 


7 (. 2 2 

2 1 \ 2 2 1 ;i 1 


V'icM Kani'rs Qlls./lia 


2‘ i:^ • 14+ I". I- ld+ 17+ in f 10+ 20+ 21+ 22f 24-24 

2 2 1 111 

2 2 3 2 2 1 

I 4 12 2 12 1 

3 1112 13 .3 

12 1 3 11 I 

14 2 112 1 

3 2 1 2 3 1 3 1 2 

4 8 12 9 13 11 5 12 4 -- 6 4 
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Table 12J)I (c). Ttf!d performance for 1976 — JSforth Bank 



Sul) 

No. ol Kstatrs 

Av. 

Yield Ranges — Q,tls./ha 





Area 




T lelfl — - 








4’otal 

Rrp- Above 

kg/ha less 









lied 

Av. 

than 9 94- lOf^ Ilf- 12 4- 

134- 14-1 15 f- 10 F 

17 I- 

184- 

19 4- 20 1 

- 21 1- 22 H- 23-24 

10 

N.Lakhiiripur 

11 

7 

4 

lii4<> 1 

1 1 

2 

1 

1 


19 

I'asi H<irot 

11 

11 

f) 

M>0() 1 

1 3 2 

3 

1 



20 

liishnaulh 

10 

10 

5 

IHOH 

1 3 

1 

2 

1 1 

1 

21 

rc/pore 

23 

21 

12 

15fi5 1 1 3 

13 3 3 

3 

2 

1 


22 

Hot sola 

11 

5 

3 

1300 1 

1 1 2 





23 

( )ran!i4 

7 

5 

4 

1795 

1 


2 

1 

1 

21 

Man^aldai 

17 

17 

9 

1H73 1 1 1 

2 2 


2 

4 

2 1 1 

25 

( ioalpara 

H 

7 

3 

1231 1 211 

1 1 





'I'ofal \()r(h Hank 

9H 

H3 

45 

l(i23 2 2 3 4 5 

3 H 14 8 

9 

10 

8 1 

3 1 2 


Table 12.01 (d). 

Held perfotmome for 1976 

Vpper Assam 





Sul) 

No. 

of' Rstates 

Av. 


Vi<4d Ranges 

- Qtls/ha 


Code 

.\rea 




Vi<ld 






. . 



rolal 

Rep- 

AIk)v< 

kg/ha 








ied 

Av. 

7 

8 8~9 13 I 14 1 

15 1- 10 i 17 i 18 i 19 1 

20 1 214- 

22 4 23 -f- 24 f 25 4 2<i f 27 28 

2() 

Doom Dooma 










A 

11 

<) 

4 

1903 


1 1 3 

2 1 

1 

27 

Doom Dooma 










H 

8 

5 

1 

1914 


1 3 


1 

28 

I loom 1 )ooma 










C 

10 

8 

3 

1982 

1 

2 2 

2 

1 

T) 

Doom Dioma 










D 

8 

8 

3 

l‘K)8 


1 2 1 1 I 

1 

1 

45 

'rittgrai A 

10 

10 

5 

1943 

1 

: I 12 

1 ! 

2 

40 

ringrai H 

12 

<) 

4 

1820 

1 I 

! 2 3 

1 


3() 

I’anilola A 

13 

10 

5 

2019 

1 

1 2 

! 3 

2 

37 

Hanitola H 

1 1 

8 

3 

2179 

1 

1 

2 1 

1 1 1 

33 

Dibrugaih 










A 

12 

9 

5 

1889 


1 3 1 

. 3 

1 

34 

Dihrugai h 










H 

11 

9 

4 

l<M)8 


2 2 11 

1 

1 1 

35 

DiOrugarh 










ci 

13 

7 

2 

1997 

1 

1 2 1 

1 

1 

38 

Naharkatva 










.\ 

12 

() 

3 

1789 

1 

1 12 1 



39 

Naharkatva 










H 

14 

9 

(i 

1719 

1 1 

1 2 11 

1 

1 

40 

Moran A 

13 

10 

4 

l(i34 

2 1 

3 1 2 

1 


41 

.Moran H 

13 

5 

3 

2(K)1 


1 1 

3 



'I’ofal I’pprr Assam 171 122 55 1911 1 


1 7 


4 (i 14 13 14 20 17 9 9 4 


2 I 


Table 12.01 (e). Tidd perfonmme for i970'— A fiddle &. Lower Assam 



Sul) 


No. ot Ivstair 

•s 

Av. 

Yield Ranges 

- Q,tls/ha 



Cod 

«■ Area 





Vi<4d 






Total 

Hrp. 

Above 

kg/ha 









lied 

Av. 

4 

1 5 f 04 7 : 8 19 1 10 ! lit 12 4 

13 1 14 4 

15 1 

10 1 17 1 18 f- 19-20 21-: 

30 

Sonari & 
Na/ira 

A 

13 

0 

4 

1.58.5 

1 


1 

3 1 

31 

Sonari & 











Na/iia 

H 

13 

10 

0 

1 5()ti 

1 1 2 


1 

3 1 1 

32 

S(mari & 
Na/ira 

C' 

8 

(') 

2 

142t) 

1 2 

1 

2 


42 

[orhaf 

/\ 

23 

8 

3 

1324 

1 12 1 

2 

1 


43 

Jorhat 

H 

13 

10 

4 

1331 

1 1 3 

2 1 

1 

1 

44 

jorhaf 

C 

14 

5 

3 

1413 

1 1 


1 

1 1 

47 

( lolaghat 

.\ 

13 

13 

8 

1374 1 

1 1 

2 1 

4 

1 1 1 

48 

( i«)laghat 

H 

15 

7 

2 

1215 

1 3 1 

1 

8 

1 

49 

(iolaghat 

C 

12 

7 

4 

1110 

2 112 

1 1 



50 

Nowgong 

A 

14 

13 

(i 

1312 

3 112 

1 2 

1 

2 

Total Lower .Assam 

138 


42 

1 3ti0 1 

1 2 1 4 4 8 7 13 

7 7 

12 

11311 2 
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Table 12.01 (f). Vidd /terfannvire for 197fi - Cadmr 



Sul) 


No. ot 

Ivstatfs 


.\v 




h- Arra 





Virltl 

3 if l<l Raiii^cs 

- li., 




Tulal 

R-o. 

Abovr 

k^^'lia 







lird 

Av. 

.3 ( h , 7 ( H , (, 

10 11 . 12 < 

13 . II 

jl 

Hailakandy 


13 

1 

2 

1277 1 



\} 

Kariini^anj c'k 1 

.onu[oi 

10 

3 


10i)<) 1 1 

I 

1 


Hai)]^\ Vallt'v 

A 

H 

1 

I 

1 loa 

1 1 

1 


1 1 ip[jy N’allry 

n 

II 

7 

3 

1 1 ()7 1 1 


1 

') 3 

(’iuiiiabluad 


9 

li 

2 

on 1 I ) 

1 1 I 

1 1 

.3h 

Xorili ( lacliar 


10 

(i 

2 

121 )(> 1 ] 

1 1 

2 

i 


Total Cku'har 


(>d 

20 

13 

1101 1131 3 

3 3 2 

c 2 

.37 

rnpiua 


(i 

1 

1 

1030 

1 



I RA incnibcr estates were analysed to find out variations 
n yield and (heir magnitude within each area w1i(M(‘ 
gro-climatic conditions may remain more oi less the 




same. 1 In* resulls are preseiKed in (ahles 12.01 (a) lo 
l'2.01(l) and an* shown in iVeijueni y distril)u(i«)n graphs, 
for various areas in I'igs 12.01 to 12.07. 



7 0 II 1315 17 192123 



UPPER ASSAM 


MIDDLE A LOWER ASSAM 


NORTH SANK 


DOOARS 



CACHAR 



TS 5 7 9 II 
OARJEEUNG 



9 II 13 IS 17 19 
TERAI 


YIELD GROUPS IN QTl-S/HA ^ 

YIELD PERFORMANCE OF T R A MEMBER ESTATES IN 1976 


I'he bell shaped frequency curves show very (dearly 
at average yields can be increased quickly il the pro- 
ictivity of lower yielding estates is brought up to even 
erage levels. In case of Tcrai, the frequency distri- 
(tion is higher at lower yield levels which shows the 
ghest potential of increasing average yields. 


A wide range of yields within each area indicates lh<! 
scope of diagonostic study to determine On* factors res- 
pon.sil)le for low yiedds in the estates in the lower range 
of productivity hwels. Both technical and financial 
aspects may be responsible for this wide range, 'fhis 
analysis will help our AdvLsory officers to look 
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for and identify the fac tors responsible for very low and 
high yields ol estates within each sub-area and concen- 


YIELD 

OROUPS 

«TLS/HA 

NbMKR OF ESTATES | 

UPPER 

ASSAM 

MIDDLE 4 
LOMER ASSAM 

NORTH 

BANK 

DOOARS 

CACHAR 

DARJEE 

LING 

TERAI 

2-4 






3 


4-6 


2 



1 

14 


E-'Sv 

2 

3 

2 

2 

4 

13 


• 10 

L. 

• 

2 

4 

6 

13 

7 

10-12 


15 

7 

5 

6 

4 

4 

tt-14 

7 

20 

o" 

12 

8 


4 

N-16 

ib 

19 

22 

21 

2 


4 

16-18 

~27 " 

14 


24 

1 


1 

18-20 

34 

2 

le j 

17 

1 


4 

20-22 

_2^ 

2 

\ 

4 




22- M 1 

13 


3 j 

10 




24-26 

2 







26-28 

1 


7 





total 

122 

85 


99~ J 

29 

-l!_j 

Jll 


trate on irnprovenu-nis of critical factors lor improving 
the yitrlds. 'I'hls would also help in fornuilating th(‘ 
'I’RA K^Iil) projerts in more useliil inaniKa- to cover 
th<! critical lac tors. 


2. Economic evaluation of control of imperata 
and paspalum weeds under experimental 
conditions in tea 

Results of experiments conducted by Agronomy !)( - 
partment on control of Imperata and Paspalum were eva- 
luated for economic aspects. The cost benefit analysis 
of the use of various herbicides for control of these weeds 
were computed Ibr evaluation. I'he total cost consisted 
of the cost of herbicide used, cost of .spiayer including 
depreciation anti repair and the labour wages. 

riie results of this were reported by Agronomy De- 
jiartnuail in their Annual Report (of 1977, Page No. 23) 
and are shown in table 12.02. 

The cost of weed control is persented in table 12.03. 

The table clearly indicates that treatment 3, one 
application ol glyphosate for the control of 
and Paspalum li)llowed by two apjdications of 2,4-D to 
control broad leal weeds, is less expensive than all other 
chemical treatuKaits compared, ddie net Ixandit (the 
dillerc'iua' betw(‘en the total cost and income) is shown in 


Table 12.02. i.jlnl of conhol of fuht inffUntton of Imfuruta ('Ylitulrica nml Pnsfuilum ionjiioalium on the yidd of tea in P.)77 


Trcaliiiciil 


I* Ni» weed (oniKil 

2. Dalapoti 

3. < Jlyplios;U(' 

t. ( ilypliosalc, 2, t 1) 


.\(>. of ap- 
[)lirali(ms 
in fli(‘ year 


3 

3 

1,2 


H<‘i l)i( i(U.‘ r;U<- 

**,) ol \V('< 

•d conlrol 

(kif.ici/lia) pe r 



a|)pli( aiions 

1 mp<-rala baspaliiin 


< yllti(lri< : 

a <('nim»alnin 


0 

0 

3.0 

«)0 

•!:) 

0.4 

9") 

. 80 

0. 4,0.8 

tU) 

78 


Vic!(l 

Inru'aisc 

(kg/h;i) 

in yifhl 


873 


. _ 

117)2 

32 


1377 

80 


1548 

77 



Table 12.03. Cost of 

Trcal incnl 


1. Dal.ipon 

2. ( ;lvph<)sat(“ 

3. (Mvpliosalc 

2, 1 1) 


(ontrol undet 

different weed control 

treatments {Rs.j hectare ) 


:n. of 

(guanlilv of (or- 

Main ial l'.(.|nii):nnit 


iiukIs 

r»nilat( (l Ixa- 
l»it i(l(- (ku/h) 

<( .>l 

< ost 

( osl 

3 

10.7) ksr 

3 1 5 

20 

00 

3 

1 

2 

3.0 It 

U) h) 

720 

2() 

00 

2.11 

280 

20 

00 


Ovt-r 

lifads 


121 

234 

113 


1 otal c<jst 


1070 

7)15 


table 12.0 b 'I'he income is calculated by multiplying the 
extra yield with unit contribution. For the present study 
the contribution is taken at Rs. 10 per kg (contribution 
Sale price - Vairiable cost i.e. Rs. 16.00 Rs. 6.00 
-Rs. 10.00). 


Table 12.04. ,A(7 Bencftf due to ton’iol of ImfrraUi and Paspalum tverds 

hy oar ions hahhidt' IruUnnnts. 


Treatments 

lm i< a.se over 
weed eontrol' 
treatment 

5 i('ld Ineoine 

kijdia Rs/lia 

Cost of weed 
control 

treatments 

Rs/ha 

Net 

Benefit 

Rs/ha 

1 . Dalaix)n 

277 

2770 

552 

2218 

2. (ilyphosate 

()08 

0080 

1070 

5910 

3. (ilyphosate 
2,4 44 

(i73 

6730 

515 

6215 


d’he data indicate that glyphos ite was more elfectivc 
lor control ol Imperata and Paspalum weeds. Howcvei the 
( ost Ix'nelit ratio was 1:12, was highest lor using one 
nmnd ol glyphosate against these perennial weeds 
lollow'cd by 2,4-F) against broad leaf weeds which come 
up profusely alter control of grassy weeds. 

3. Economic evaluation of clones & seeds 
— benefit evaluation 

1 he economic evaluation of planting clones and seeds 
was completed and the results are presented here. In 
growdng a plant from seed or clone, the expenditure in- 
curred would be the same. As such for calculating the 
benefit in the form of return, only additional yield & addi- 
tional price (ba.scd on taster’s report) were taken into 
account for economic evaluation. Average price of three 
preceding years (1976 to 1978) was taken into account 
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for this purpose. In case of Darjeeling, the average price 
of 1st & 2nd flush as seperate from rain and amunui 
including back-end crop was taken for calculations for 
estimating the contribution. 

(a) Clones certified and released by Tocklaifor 
Darjeeling ; Botany Department conducted trials 
A, B & C for five to seven years at Clonal Proving Sta- 
tion Cing on 25 selected clones since the yciU' l!)()7, 68 
& ()9. Tocklai released 12 clones from th(\sc trials under 
interim certification scheme. 

Out of the 7 clones under trial A and the 5 clones 
under trial B, only 2 quality cIoik's under A and 1 
quality clone under tiial B were released bv 'Tocklai. 
Out of the 2 clones released under trial ( :, no 
quality clone was released. 

Under table 1 2.05, crop disti il)Ulion (1st «S: 2nd Hush, 
rain and autumn including back end crop) is given 
with percentage ol' share under each period. 

Table 12.05. Pera’nlaf^c Cjoft dhtrUmtion {ivilh (Utiuil field in 
ivithin hrinkeh) in tPuds at (donal i'roiin^ Sh.tian, (‘inji, 
DnrjccUno fdanted in Pth7. 

Trlal-A 



1st & 2itd 

Kaiji 

/\viltniitt 

Av. \'icld 

S. No. Clonc.s 

Hush 

( fi 

rrid 

(5 vis) 



<K >|) 

(M) 

1 2 

3 

4 

5 

(> 

1. Hatinok linrn 157 

21 . I"n 

45.8‘\, 

33. P\, 



(180) 

(301) 

(282) 

(853) 

2. Ih'imiok Burn 777 

20. ]‘’o 

|(>,0'\, 

32.7'5, 



(131) 

(302) 

(210) 

('•13)0 

3. Phoctl) Srring 312 

10.9'’o 

40.0'\, 

31 . l'\, 



(178) 

(MO) 

(270) 

(807) 

4. Ainliai i AV 2 

15.()‘\, 

I8.0'3, 

37.0"„ 



(1(>5) 

(528) 

(!0(.) 

(l(/00) 

5. 'fukdali 145 

13.5<\, 

•17.7"o 

3J{.8'’„ 



(00) 

(310) 

(250) 

( <-<>8) (.) 

<). 45)k(lah 2B) 

10. !•’„ 

K). l"o 

■13.2"„ 



{r\) 

(320) 

(307) 

(710) 

7. Tukdali 253 

12. !<’„ 


10.0",, 



(118) 

(151) 

(370) 

(018) 

8. r\'i 

13.8'\, 

■10.2'’o 

37.(»"„ 



(37) 

(133) 

(101) 

(271) 

n. T\’7 

15.1'’,, 

57.8'- 

27.1",, 



(10) 

(72) 

(31) 

(125) 

♦10. (StiKk 378) 

(Narnia Devi) 

13,5‘5, 

(00) 

lb.4‘’o 

(330) 

40.1"o 

(203) 

(731) 

O - = t.Hialip ( loTK-s. 






Trial-B Planted in 1968 


1. 

TV 14 

28. 

(350) 

13.5"„ 

(537) 

(:i47) 

(1231) 

2. 

Bannok Burn 688 

42. 2 "o 


21.3% 

(747) U 



(315) 

(273) 

(150) 

3. 

K/R. 4/5 

37.1"o 

(545) 

42.8% 

(628) 

20.1% 

(205) 

(1168) 

4. 

Stock 378 

35.1% 

43.2% 

21.7% 

(1026) 

(Nanda De:vi) 

im 

(413) 

(223) 


«1 



Trlal-C PUmnl In 

1969 


S,\i(. (Ill UK'S 

Ist & 2iul 
tiush 

Kain 
e iu|) 

Auimun 
iX < nd 
crop 

Av. \’ie'ld 
(7yr») 

(kO 

1. 2 

3 

1 

5 

(i 

1. I'ukd.ih 7tl 

2. 1 tiktl.ih 135 

27.0",, 

(52(») 

20.3% 

(551) 

I8.7«\, 
(037) 
15. t%, 
(8l>2) 

21.3% 

(108) 

25.1% 

(175) 

(1025) 

(1801) 

3. Sun k 378 

(X.inda l)< \ i) 

31 

(1.58) 

47.1",, 

(.>87) 

21 .()"„ 
(305) 

(14.50) 

* ( loiiirol Bl<»t 

^■<1 Qu.llilv i loiH 






In labh' 12. Ot)., th(‘ yiedd Index was computc’d taking 
the l)as(‘ lOtlol the' yi<dd ol standard (Nanda Di'vi, Stock 
d78j. It w.is rnmi this table* (hat (In* yield of all tin* clo- 
nes was higher ih.ui those* ol standard e'xee'pl in case* of 
clone's 1\ I, rV'7 tS; Tukelah 21fi. 


Table 12.06. i uld Intlix of (donrs UfUnud luir Diifjrtlint’ f/om trials 
at donal l*iovin^ Station at (lini> 




Trill I A 




S.No 

( iloiics 

ls( iS: 2nd 

Kain Bln. 

.Vnlinnn 

Avera 




llnsh 

sh 

Blush (S; 







i iid e rop 



1. 

Bannok Burn 







157 

nil .82 

I 15.31 

0(.,25 

llti 

.1)0 

•} 

Bannok Burn 







777 

1 32 . 32 

80.00 

71 .(>7 

87 

•06Q, 

3. 

I’hoob St ring 






312 

170,80 

120.70 

05.22 

122 

.71 

1. 

Aiiibari ,\V' 2 

lot., 1)7 

155.75 

138.57 

150 

.31 

5. 

I'nkdali 1 15 

00,0) 

01.10 

88.10 

01 

. 38 O 

<). 

1 ukdah 2 H> 

71.75 

07.t)5 

104.78 

07 

.13 

7. 

1 nkdah 253 

I 10. 10 

133.01 

120.35 

120 

.1)0 

8. 

l\ ! 

37.37 

30.23 

31. 17 

37, 

,07 

0. 

♦ . 

I\ 7 

10. 10 

21.21 

] 1 .t>0 

17, 

10 

10. 

.Naixla l)< \i 







(.Sto(k 378) 

100. (K) 

100.00 

itwi.oo 

100, 

.00 


Trial-B 


I. 

IV 11 

07.22 

121.22 

1 .55 . () 1 

120.27 

2 

Bannok Itnrn 







87,50 

(.l.(»3 

71.30 

72.81 Q> 

3. 

K K. 1/5 

151.30 

Ml .7t) 

132.20 

143.08 

♦1. 

Nanda Devi 






(Sio< k 378) 

100.00 

BMJ.OO 

I(K).00 

100.00 



Trial-C 



1. 

Iiik.lali 78 

113. 54 

13t..30 

153.44 

1.32. 7() 

2. 

1 ukdah 135 

I20.0<) 

125.47 

155.71 

130 11 

♦3. 

Nan<la Drvi 







(Sco< k 378) 

lOO.tK) 

100.00 

100.00 

100.00 


♦ ronirol 

<4, (..liialily f lunr. 

Nol<*s : I. 'Thr yield i.s f:onvrrted into Index nuinben taking 
standard liases under triab A, H & C]. 

2. N <nda Devi (.Stock 378) is the standard which is 
taken as base. 

In table 12.07, the valuation Index is prepared based 
on the average of the tasters report of Tocklai, Calcutta 
& London. 
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I'OCKLAI ExPtRIMENTAL STATION 


Table 12.07. Valuation based on Tasters Report of Clones released for 
I)arjeelirit> {Standard Star k {JSanda Den Stock 378) taken 
as base i.e. 100). 

Tnal-A 1970 


S.Nu. 

( Urines 

4 'K klai 

Calr iiUa 

I.nndon 

Avr-rage. 

I, 

\anda Devi 
{.Sto( k 378) 

b.iniir k Mm n 

11)0. 0(1 

It II). CO 

100.00 

100.00 


157 

1 15.57 

180.01 

101.89 

128.78 

.3. 

I'IkmjI) .S( ring 






312 

131.35 

107.. 50 

100.00 

1 13.95 

'1. 

1 iikdali 115 

113.28 

130.01 

103.13 

12.5.17 Q 

5 

liikdah 253 

77. (d 

152.51 

104.89 

111.80 

f.. 

.Amb.'iri W 2 

85. 11 

135.03 

1 12.50 

1 10.98 

7. 

Mannnk burn 






111 

82 . 1 7 



82.17 

8. 

Tnkdafi 218 

87.13 



87.13 


THal.B 


For computing returns the average tliree years price 
1978 to 78 in C-alcutta auctions for Darjeeling lea was 
taken into computation. I'liis is shown in table 12.08. 


Table 12.08. .tierai^f price of Darjeeling tea in Calcutta auctions 
{1970 to 78) 



.\\ ciag(“ 

1978 

1977 

1978 

12 pin 2nd Flush 

28. ()9 

27.40 

31.72 

20.95 

Rain 

19.38 

18.18 

23.88 

18.02 

.\ulunin 

18.87 

18.04 

18.05 

18.51 


22.17 

22 . 08 

28.87 

18.(r5 


Cost ot .Sal<‘s Rs. 21/- 
I'ixcd -f \’afiabl<‘ costs arc ; 
b0% ! 10“,, - 12. (iO -h 8.40 ^ 21/- 


1. 

2. 

■|\’ 11 

Bannok Burn 

101.41 

134.23 

1 15.79 

117.11 

Contribution 


ti88 

101. 19 

128.92 

105.28 

112.7<)() 

26.69 

3. 

R/R. 1/5 

89.71 

83.08 

110.53 

97.41 

19.36 

3. 

•Nanda Devi 
(Stnr k 37}{) 

100.00 

100.00 

100.00 

100.00 

16.87 


22.47 


8.40 18.29 ( 1st & 2nd flush ) 

8. 40 - -1 0.96 (Rain) 

8.40- - 8.47 (Autumn) 

8.40=^14.07 (Total Average) 


Trial-C 

1971 1975 


.No. Olont' 

fr K'klai 

Navrakata 

Xagrakata 

Forklai 

Xagrakata 

I5>cklai 

I 

Ft xklai 
II 

1. I'ukdah 78 

104.47 

101.54 

104.81 

108.29 

1 18.85 

101 .52 

105.99 

2. lukdahI35 

38.24 

109. 10 

107. 0<) 

93. 10 

123.51 

98.91 

102. 1)1 

3. Nanda Dr'vi 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100. 1)0 


Note 1. Tocklai tasters include 'I'crk’ai & .\agrakaia 


4 he cost calculations were based on the published 
Annual .\ccotml of tea companies in Darjeeling. In table 
12.( 9, die total valuation reali.sed has been computed for 
difltMent clout's ineludeil in trials .\, 8 ( !. 4'he yieltl 

of differein ( lones for different perioils (1st 2nd Hush, 
rain autumn) was converted into monetary terms, 
taking average price realised for different periods. 


Trial-B 


S. Clones 

No. 

1st & 2nd 
flush 

Rain 

Flush 

.\u(umn 
flush & 
(‘ud ( rop 

Total 


(Rs) 

(Rs) 

(Rs) 

(Rs) 

1. TV 1 1 

2. Bannok Burn 

8101 ..50 

-5885 . 52 

2939.09 

1 5,228 . 1 1 

()l »8 

5781.35 

2992.08 

1341). 73 

10.100. 18 il 

3. R/R. 1 5 

9988.05 

(>882.88 

2498.85 

19, 349.. 58 

1. .Xanda Devi 

8.584 . 40 

48.55.28 

1888.81 

13,328.49 


Table 12 .09. .\et refmn based on held of dijierent clones for diffennt periods. 

Ttitnl price based on yield convcrleil into nionetaiv terms lakine 
l<»r realised l(»r ditlVu*nl |)eriods. 

Trlal-A 




l-st & 2nd 

Rain FI- 

.\ntnmn 

ITtal 

S. 


llnsh 

ush 

Hush & 

N’o. 

( Honrs 

(Rs) 

(Rs) 

<ik1 crop 
(Rs) 

(Rs) 

1. 

Bannok Burn 




■ -- 


1.57 

3292.20 

4285.38 

2388 . 54 

9,9()li. 10 

2. 

Bannok Burn 




111 

2395.99 

3309.92 

1 778. IK) 

7.484.1)1 () 

3. 

l*h(H>l) srring 






312 

3255.82 

4822 . 10 

231.3.13 

10.111. 15 

4. 

,\mbari A\' 2 

3017.85 

5788.88 

3438.82 

12,243.55 

5. 

Fukdah 115 

1848. 10 

349(i.24 

2193.73 

7,338.07 Q 
7,559 . .59 

8. 

Ftikdah 248 

13.53. 18 

3li05.84 

2800.29 

7. 

Fnkdah 253 

21.58.22 

4942.98 

3210, 13 

10.311 .31 

8. 

4\- 1 

878.73 

14.57.88 

855.17 

2.989.88 

9. 

FV 7 

377.51 

789. 12 

287.98 

1.454.81 

10. 

Nanda Drvi 

1810.71 

3715.44 

2481.71 

8.(K)7 88 


Trial-G 

1. Tukdah 78 9510.80 10289.52 39(i8.9(i 23,744 28 

2. Tukdah 135 10132.(iti 9447.52 4023.25 23,803.43 

3. Nanda Devi 8378.82 7529.52 2583.35 18,489.89 

Q Quality clone. 

Note;- 1. The average yield of clones »n Trials A, B & C is 
converted in monetary terms taking the three year 
(1978,77 & 78) average contribution tor Ist He 2nd 
flush combined, rain and autumn flush & end crop. 

In tabic 12.1(4, the net benefit has been computed for 
all the clones. Under column 3, the total price is given, 
under column 4, the tasters valuation in terms of the 
jxTcentage of the standard seed stock Nanda Devi is 
Slated and the net benefit is given under column .5. The 
comparative benefits of different clones over standard 
variety had been worked out and given under column 6. 
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Table 12.10. Comfianifive Benejit Bsjhu fnv,, Dnijer/int; Clones 

Trial-A 

Krtiiins \ aluation Realisation l)in<Ten(e 

Imlex ol A\ . return Irom si.m- 

.\o. l I>ri('<'s (eol. \aiiefies x\alue it,,r,! 

() ol la.l). (eol. (i ,)!' ind.'x 

12.9) tal). Id 7) 


1. \an.la Devi 


(Sa.rk 378) 

800 7. 81 . 

100.00 

8007. 8 (. 


2 . hantiok 811111 





17)7 

OOtib. 10 

12(..70 

r2(. 32. 90 

1 It, 27. 01 

3. rh( lob Scrini' 





312 

10141 . 17 

113.9,7 

1 1813.99 

380t,. 13 

- 1 . ! uk(la!> l l.a 

7331). 07 

127.17 

9204. !8 

i 1 19(,,(,2 

,3. I'likdah 2.73 

10311.31 

1 1 1 .(.0 

1 1.707.08 

‘3199.22 

(). Ainb.iri A\' 2 

12243.77 

1 10.98 

13.788.39 

778t).:)3 

7. Itannok 8 utn 





777 

7484.01 

82.17 

til. 70. 10 

-18.77. 7t, 0 

8 . I'likdah 2 1() 

7779 . .79 

87.13 

()78().()7 

-1421.19 


Trial-B 



1. Nanda Dr\ i 

13 .28.49 

100.00 

I33.d{, 19 


2 . r\ 14 

I722(.. 1 1 

117.11 

17837.87 

1 1707.38 

3. R R. l;a 

19349.. 78 

97.44 

18871.23 

i 7727.71 

1 . r.annok Ihini 





()()8 

10100 . It. 

1 12,79 

11 in 1. 97 

1 'kit.. . 72 il 


I 

ri.nl-C 



1 . .Nanda 1 )t \ i 





(Sloc k 378) 

18189. (.9 

100 ( 0 

18 8 9.t>0 


2 . I'likdah 78 

23711.28 

lot). 32 

277^ 1 1 . 92 

‘ t,7'>").2:5 

3. r-.ikdah 13.7 

23(,l)3.43 

Id ,3 . 

(’,0.18 

1 t,l 10. 19 


Nnies : 1. \et 1 enelit is calrulated taking a\eraife yield fm- 

the trial, valuation of tin* tasters and th<' ( untriltutidn. 

2. I h<‘ elonrs eneiiele.H ((^) ate (inality < lone.s released 
for I )at Jeelinjij an'a. 

9. Nanda Devi (slo< k 37d) is taken as base foi all 
three trials A, li & C. 

Ill trial A, .a clt'iics ( onlrihiitt'd laaicfit hcluccn Ks. 

I 19f) 62 to Rs. r).)(?()pa!), tnuh r (rial B, (lie ( lours ( oitlri- 
l)iit(al hriirfit hrtwern Rs. 4.’)97 38 to Ks. a.a^r) 71 and 
indrr trial Cl, (hr hrnriit ( onti ibntrd was f)l 10, 19 to 
)7a.') 2.*) ]irr ha o\'rr standard .srrd Nanda I)r\i 378. 

I nkdah 216 and liannok Burn ()68 &. 777 did not < ontri- 
)nl(“ and wrrr I’oiind inl’rrior to Nanda Drvi 378 (hr Man- 
li rd srt'd, Olronrsr, onr standard rlonr and two tjiia- 
ily rlonrs wrrr ndrasrd htTaiisr ofthrir ap|)raran(c and 
ij) ( haractrrs. It was inanily ditr to slroni; drni.ind of 
hr Darjd'rlinyf planltas (hat (lirst* rlonrs wrrr rrirasrd. 

Darjrrlin^ lias got (i standard, 2 yirld tN I (jiia.lity 
hairs hw rxtrnsion and replantation, 1 hr a\craL;r \ irld 
1 tlir-'r ( lont^ is innch higher than (hr avrratn- ' arid ol 
)ar jr(diiig i.r. about 700 kg. I hr adoption (d tiirst* 
lours lor extension (N i (-plantation will br (hr major 
antribntory factor to increase the overall yirl I of 
harji cliiig and sa\r the ii'dtistry from faring disaster. 

i Benefit Evaluation of Clones & Biclonal 
rogenies : \ktrious long term trials on difrerrnt 
ones andbi(donal progenies were condueted at Bor- 
lietla and 'locklai new area by the Botany Department. 
ilTeient varitMies were used as standard in difl'erent 
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tii.ds and obs<‘t \ ations on yirld ixaiormaiu'e as wrl 
as l.isterN assessment of the rloiu-s and storks wrrr 
<ompai(‘d with thrii- rc'sprrtivr standards. 

^ lu'iK'jil ol the ( loiK-s and progrni»‘s wrn^ 

i'‘ ‘d)h- 12.11. I'lw brnriit is"ralrnlat<-d 

bv mnhiplvioo (h<- avriag.- n irld lignrrs ol the ( lonrs 
with the rontribniion. Ihr- (hr (ontribntion is 
taken at Rs. |0 - hn \.iii, iv as (hr (Osi ol prodnr- 

j>rit (' loi all <*! (hem an- taken as (hr sanu* loi- 
this ( airnlation. 

Bi i( r lor ( Ion d ir i Rs. 16- 

I'ix'- I ( >0",,i and \aiiabjr : )0'\,i cost Rs. 12'- 

( lonliibntion - Rs. 1(. - Rs. 6.0(1 Rs. 10.00 

Table 12.11. ( ( (-lUii /loni in Inmi tnni Irinl at Bothlul/u 

ittid liiiUiti 
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from the respec tive st.indard in the form of net benefit 


is given. 
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It is obsci'Vfd from 1 - .07 (trial-A) that I V 14 

and 'FV 17 wrrc inort* prol'itahlc to than the stan- 

dard 'I’Vl while I'VUj was definitely a losing propo- 
sition. 

'Jahle 12.07 ( Frial-H) reflected that all the three 

clones 'FV18, 'FVl!) and FVO were better than standard 
'FVlb. 

'Fable 12.07 ( Fiial-C.) showed that returns from 
<|ualily elon(‘ 'FV17 was much below the standard 
'FVl, FV 22 and 'I V 2!h were found more profitable 
to grow while I V 21 whic h had the highest valuation 
I'or its (jualily, was for less [irofilable in comparison to 
'FV Id. No taslt'r’s rc'sults were* available for the clo- 
ne 'I’V 14, 'FV 10 and FV 20. 

'Fhe results in respect of biclonal progeni(‘s an; 
given in table; 12.07 ( Frial-D). Stock 097, 39H and 400 
were better yielding and far more profitable than the 
standard 'Fingamira while stock 200 was found slightly 
inl(;rior to the standard. 

(c) Benefit Evaluation of Clones —experiments 
conducted by Agronomy Deptt. at Borbhetta 
(Ref. Agronomy Deptt. Annual Report 1972-73 
to 77-78) : Clones I'Vl to lAdO 107/2 and stock 
4.90 were planted during the |)eriod September*, 19()() 
to June, 1971 at a spacing of 120 cm X 90 cm 
with 9259 jilanls per hectare. Clones FVl to 
'FV14 and Betjan weic planted between Sc'ptember, 
19()f) arul April 19()7 where as I Vd.") to FVl 9, 
107/2 and Stock 4.59 were* plantc'd Ix'tween September 
19()7 to June 1971. 

For the present bcMudit evaluation 'FVl was 
taken as standard and all the other clones, 107/2 Stock 
450 and Betjan wiae evaluated against it for benefit 
calculations. 

'Fhe average yield of the clones 'FVl to TV 14 
and Betjan was based on first sevam years production 
and 1V15 to IV' 19, 107/2 average was based on 

four yc'ars yield. Fhe yield is converted into an 
index on the basis of st in lard used, and is sum- 
marised in table 12.12. 

It is noticeable that the liter released clones have 
been giving higher yields on attaining the age of 5 or 
6 years only than the earlier clones which by that time 
had attained the age of 10/11 years. 

The benefit evaluation is based on the contri- 
bution being taken as Rs. 10 per kg i.c. on the sale 
price of Rs. 16 less variable cost of Rs. 6 (Total Cost 
Rs. 12.00 - Fixed Cost Rs. 6.00 =Rs. 6.00 variable 


cost) per kilo. 'Fhis is based on Annual Accounts 
of a large number of companies in N.E. India. 

'Fhe net benefit is given in table 12.13. 


Table 12. 

12. Average yield of clones 8 l seeds 



tllonos 

Year of IMaiuing 

1976 

(L.P.) 

1977 

(U.P.) 

Averaqc in 
tb(‘ form 
of Indc.x 

rv 1 

ScptciMhrr, 

1653 

19<)0 

lOO.tM) 

IV 1 

September, 1966 

1060 

2009 

93.25 

'rv 4 

Do 

1719 

2405 

114.97 

'I V (i 

1966/67 

1460 

1710 

88.65 

rv 7 

.September, 19r)() 

16(i9 

2010 

101.91 

rv n 

Do 

1.594 

2410 

111.65 

I'V 9 

Do 

1718 

2270 

111.21 

rvio 

Do 

1876 

2940 

1 00 . 08 

rvii 

Do 

1855 

2(')29 

124.11 

'rvi2 

Do 

1 709 

2654 

121.59 

rvio 

Do 

18.55 

2220 

112.87 

'rvi4 

Do 

1890 

2700 

127.12 

'rvi5 

rvKi 

September, 19()7- 1970 
September. 1966/Dec- 

1()80 

2401 

110.78 

'rvi7 

ember, 1970 

julv, 19lj7/S«plember, 

1914 

2410 

1 19. ‘Hi 

rvia 

1968 

.Srptember, 19()9/Ma- 

1859 

0028 

105.26 

■rvi9 

ar(h,l<)70 

Sept. ’(>9, Dec. '70 & 

1900 

2716 

127.81 

107/2 

March ‘71 

Drc. ’70, March ’71, 

2201 

2614 

101.10 

.S(. !.'>() 

Nov. ’71 

March ’(>7, July ’67, 

1717 

2189 

116. 11 


June ’71 

168(i 

2057 


Hctjan 

.April, ’()7 

1590 

2296 

107. 59 

Table 12 13 

( .'oiitribuli'in tinea) ds fixed 

.Sc firoj itah .! :tv 

a;/ oj 


tlijftrcnt iln'us & lidjan seed at liorbhetta 




lienefit of elanes (li^ /i\ 

;«/- /rr I.S 


( Hones 

Net Benef.l (Ks) 

( Hones 

N('i Brn<-lit 

4\’ 

1 

l(i,88()* 

lA’ 10 

1(),18() 

rv 

2 

10.920 

rv 14 

20.570 

rv 

4 

18,420 

rv 15 

18,700 

r\ 

ii 

10.7(10 

lA’ 1(» 

20, 109 

lA' 

7 

16.()20 

4A- 17 

21.700 

rv 

8 

l(),90O 

'IV 18 

2(),‘)()0 

r\’ 

0 

18,210 

rv 1 ') 

22,850 

rv 

10 


107/2 

l‘),08() 

lA' 

11 

19.011) 

Sioc.k 150 

18, 100 

rv 

12 

18,0‘)() 

Betjan 

1(),()20 

* Standard 





4. Economic evaluation of weed control in N.E. 
India. 

\ proforma in Kconomics of Weed Control was sent 
to 025 'FR.\ member estates in July, 1978. Only 40 es- 
tates responded to out proforma and sent us full or par- 
tial information. Darjeeling estates did not supply the 
data regarding cost of weed control. From South Bank, 
North Bank and Dooars , 36 estates supplied the data. 

It is evident from the Table 12.14. that major area is 
covered under full chemical weed control. A small 
portion is covered under the partial chemical WTcd con- 
trol and the rest under manual weed control. The plains 
of Assam mainly adopted chemical weed control mea- 
sures in 1977. In Darjeeling, major area was covered 
under manual weed control. Fig 12.08 shows that area 
under chemical weed control has increased much during 
the later years of 70’s. 
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AREA UNDER CHEMICAL 



Fig 12.08. Area covered by chemical & manual weed 
conirol measures during the period 1970-77 
on responding estates. 


Table 12.14. Ami utukr c/nmical and manual ured nmhol in l'h7 
in 3<i respnndino estates 


Rci>ion 

Tull chemical 

Partial 

t hemi- 

ril 

Manu.'il 

Total 


ha 


ha 

V ai 

l>a 

ha 

1 )ooars 

■133H 

H2 

:;9i 

7 

MVs 1 1 

.'ill a 

N.Bank 


Ba 

Ti 

1 

B.O 1 

3010 

S.Bank 

■mi) 

72 

2()a 

4 

11. ah 21 

'mn 

1 )a:jct'lini^ 

MV.) 

22 

\y) 

n 

12t):> ()h 

171<) 

Total 

127hO 

75) 

7()2 

.a 

IMO'I 20 

h.032 



.\\ »rai;e 

.'\\'cra,i;c 

Aeerai^e 

Av.i ;.<:<• 

‘.'(1 

Year 

yielfl 

iiK rea.se iii- 

siekl 

iuf re.ise 

in- 


k«/ha 

ki'/ha ( rease 

kvj/ha 

ktt, ha 

(lease 


107.a 

1.321 

tb; 

1 1 .09 

1(410 

101 

(). 10 

1970 

1439 

222 

19.17 

1 739 

HO 

9. 13 

1977 

1.909 

244 

10.17 

1932 

320 

|(»..90 


Taking a\'cragc rnntributioii (<fl Rs, 10 prr kg, 12.3 
kg, 144 kg and 274 kg increase in yield would f-ontri- 
bule an additional income of’Rs. 1230, Rs. 1440 and Rs. 
2740 per hectare and the net benefit per hectiire was Rs. 
724, Rs. 914 and Rs. 2204 per hectare in 197.3, 1976 and 
1977 respectively. 'Fhe ratio of cost anti benefit was 
1:2.2 in 197.3, 1:2.7 in 1976 and 1 :.3. 1 in 1977. T his 
compares with cost benefit in Borbhetta e.xperiment 
reported earlier, being 1 : 12 for glyphosate -f- 2,4-D. 

5. Motion & Time Study 

28 gardens in Assam and Dooars were selected 
for plucking study during 1978-79. The gardens 
were located — 9 in Upper Assam, 7 in Jorhat 


Dat.i collected from 3() estates covering 232 sections 
n*g«u<ling wt'ed crmtrol nn'asiires for the period 1970 to 
197/ are pr(‘s<‘nied Ix'Iow in the gr.iph. It shows very 
tleaiK that area nndei cluMnicMl I’onlriil has vastly 
iiK'reased during the later 70's. Evidently chemit al weed 
control has Ix't'onu* incieasingly pitpular. Interestingly, 
th(‘ total area undei weed control by both manual 
cliiMnical methods was mueh lower in the early years 
and IxTome mm h higher in the lal(‘r years. This re- 
lleets ihe adoption of ( hemit al weed ('ontrol on all new 
teas (wiciisions iS: replantations on the reporting estates. 

I lu‘ ('ost ol chemii al weed control is given below for 
th<* jx'i iod of 197.3 to 1977. T he cost is ( alcul.iteil from 
2.>2 se( tienal sheiMs of !h> estate's of ihc plains of .\ssain 
(S. Bank ami i\. B.mk) .md Dexiars. T he cost of cheini- 
c.d weed (ontrol r.mges betw-een Rs. .300/- to Rs. fiOO/- 
pe‘r hee tare. The de tails of the* ce»st an.dysis are* given 
be-low : 


Table 12.15. Cast 

of n eed 1 ontrol — f V75 to V)77 

hectatf) 

9'e.ir ( lost ol 

( lost ot h- 

( lost ol ( lost ol 

Total 

manual 

herhii ide 

stores spr.ivinx 

n ».st 

o|>eral tons 




1079 .’00 

207 

10 00 

(»00 

200 

210 

20 ‘M) 

920 

1077 lot) 

222 

2(> 100 

93H 

Siibjci live assessment was m.ide ol’ tin* gain dne to 


ado|)lion eet we e el eonirol, by l()rmal dise ussions with the 
m.magers ol It) e states in the* plains (►!' N.lv. India. T he 
data .ii'e give n in table 12.16. 


))«M»ars lolal 







( 'ost 

Jhnefit 

Averae< 

.\\erage 


Average 

.Average hasrd 

(<n 

vield 

im I rase 

in- 

yield 

in< reas<* on 

(1)1. 0 

Rs.lO 

ki;/ha 

l..t'ha 

< rrase 

kg/ha 

kg/ha o 

1 tab. 

per kg 






12. 19. 
Rs. 

Rs. 

1970 

I OH 

(..H4 

1 .9()() 

123 

()0() 

123(1 

1.901 

110 

H.HO 

It >00 

lit 

92() 

1440 

1(»07 

100 

11.73 

1713 

271 

93H 

274(1 

( lire 

le. 9 in North Bank 

and 7 in Dooars. 

The 

t i 1 ne 

[>lm 

king ohse 

rvations wc're taken 

during tht 

* [)erio: 

l.Ittly 


to Sej)tember, 1978 under the su])ervision of T'ocklai 
R se-are h .Assistants and Re*search I ellow. fhe elata 
are under analysis and the final result is expected by 
September, 1979. T he motion eibservations were taken by 
(lost Advisor and Rstate Manager and a film was shot at 
Borbhetta in November, 1978. The film depicting 
different motions, correct as well as wrong, and its impact 
on bush, plucked leaf and plucking efficiency, is being 
released shortly. lifforts are being made to take up 
ergonomic study on plucking to correlate various 
biomedical factors affecting the crfip & the 
pluckcrs with the plucking efficiency. 


Table 12.16. Bencf it Jiom chemical ured canlxd in I'> e\lal(\ nf the fdains of WJ\. India 
South Bank .\orili Bank 



m 

6. Techno-Economic study 

'I’hc depart niri) I undertook a 'lechno-lkononiic 
Study of on<- ‘‘state in Darjeclin.^. 'I'lie Agricultural 
Keonoinist and Cost Advisor will) Advisory Oliicer, 
l)ai je<-liug visited tiar estate twice to collect necessary 
data and consultations regarding lutun^ develojunent 
prograinnies in the field and I’actory. 'I'lx* interim 
repoit ol tli(‘ study was subniitteil to the company 
|)ir(‘cl()is. 

7. Tea Economic Courses 

I he dejjartnamt (ondneted three toiuses on 'I’ea 
J’a'onomics during 1978-79, of thre(‘ days duration 
cacli, in October 1978 with 1.93 ])lanters participating 


I'ocKLAi Experimental Station 

in the courses. 'Ehe first course was inaugurated by 
Mr. B.C. Biyani, President, Jayshrec Tea & Indus- 
tries Ltd, New Delhi, the second course was inau- 
gurated by Mr. Prafidla Goradia, Managing Director, 
Duncan Agro-Industries Ltd., Calcutta and the third 
course was inaugurated by Dr. S. P. S. Pruthi, Mana- 
gement Consuliarit, Boml)ay and former Prolessor, In- 
dian Institute ol Management. Ahmedabad, Ihe first 
lecture on Profit Planning was given ])y tin; Guest Spea- 
kers in all three courses. The othei' s(‘ven lectures were 
delivered by I’ocklai lai ulty. I’ocklai faculty consisted 
ol’ Dr. N.K. Jain, Director, Mr. N.S. Venkatakrishnan, 
Cost Advisor, and Dr. R. C. Awasthi, Agricultural 
Iu:onomist. 
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Highlights 

The itistanl tea project at Tocklai is engaged in upscaling the 
labor aiory process developed by Calcutta University for manufac- 
turing soluble tea from green leaves. Various Engines ing and 
Chemical parameters are being studied. Studies so far indicate 
that as in case of black tea a proper balance of theajkvin (TPj and 
ihearubigins (7 R) and ca/leine is nece.ssary to get instant tea 
of acceptable quality. 

A hrnch-scalc process had been developed and pat(‘ii(- 
ed In- Calcutta University for inanufactiiriuLt iiistaiil tea. 
'I'he Vea Hoard sponsored a pilot plant project at rocklai 
towards the end of 1974 to scale up this process. Com- 
pletely new facilities had to he built up at Tocklai. A 
.separate building was constructed, and the ecjuipmenl 
procured from indigenous .sources, completed the installa- 
tion in tin* first (juarter of 1977. 

'I'HK PROCTSS INVOLVdd) 

'The process Ibr making Instant 'Tea from green leaves 
involves withering, commuting tliC withered leaves, ae- 
rial oxidation (fermentation), extraction o( soluble solids, 
hitiation and drying. Several jnitents exists on foreign 
trchiiology but the product is not Ihund ac('(‘ptable to 
<jualitv ('onscious palate o( tea drinkers whic h is the main 
f)bjc'ctive of thi.s indigenous patent. I he commerc ial 
feasibility of the process will depend mainly on 


i^ the c'xtcnit ol soluble solids exirac'ted; 

ii) economics of energy utilisation in prcH'essing and 
drying; and 

iii) opiinii.sation of the cpiality of th(‘ pn>;!iicl. 

i: \ pi: r I m i : n t.\ l r i :s i j i ; i s 

During the* ycMr (>2 expeniments were conduclcHl using 
green leaves as raw materials. The jiicH ess adoptinl was 
similar to that of black tc'a manuiac tui c* uplo icTincni- 
tation stage. I'.xtrac tion ol soluble* solids by hoi water 
was followed by Spray Drying eij'the* bre w to get the dry 
powdc*rc‘d soluble solids. The intei inediate step for cold 
wat(*r .soluhle procluc t, was c hilling and c entrifugation 
to rc inovc* piTc ipitates. f or extrac tion, batc h type c*x- 
trac'lors with agitator we‘re usc*d. The prcMluct oblaiiuxl 
was analyscxl chc'inically and organoleptically in c’olla- 
horation with the Hioc he*mislry and the* 'lea 'Tasting De- 
partments irspe-c tive ly, and a cenrelation was sought to 
be- c-stablishe-el be twe-e n the* c hc-mic al constituents and the* 
'Taster's observations. The extc*ni ol e-xtractabilily ol* 
soluble- solids from the* tea Ic-avc-s is again limitc'd by the 
cjuality of the- e-nd pioduct. It is our general experienc-e 
that a longer pc-riod of e-xtrac lion always givc-s bittc*r pro- 
ducts. As such, optimisation of the e-xtrac tion is necessary 
vis-a-vis the cjuality of (he c-nd |)re>cluc t and the c'conoinic s 


Table 14.01 . C/iemirat oral mgnmtefau ciotmitum of soluble tea manufai lured fwm gtreu teare^ by Hat ) extra, turn df sfuay drying 


Mlg. 

Dae- 

Sol lire 

Caficinc 

\V* 

IK* 

1 r/i'R 

(,H 

value 

I'asler's Kenirkc 

8/ei/7B 

(^jinn 

Bulk 

r\^ 18 

7.1 

9.28 

0.(»13 

o.<)r2 

|l^.<>0 

9.38 

0.38 

0.e»81 


Brown it) colour. 

I’air ( olour, bul iat king 
siM timh and brinktu-’es. 


TV 18 

7..'') 

0.8') 

10. 1 

0.817 

- 

I’air ( i)li»,jr, Htre-n^lh 
aiifl l)riskne-s.s. 

12 '7/78 

Bulk 

10.07 

0.98 

10.70 

0.91 

1.98 

I'aii ( iilour, strenglli 
arel liUle briHkiie'HS. 

18/7/78 

TV H> 

0.99 

0.71 

8 08 

0.919 


Fair < olour, slrenglh 
and Hole bri-Hkne-xs. 

Mier. 

Dale 

Source- 

n 

Caircinc 

IT* 

I l<* 

n/i K 

|)H 

value 

raster’s Rrirrarks 

20 '7; 78 

VV 18 

10.. ")9 

1.01 

10.01 

1 .028 

4.9 

Fairly j^ood r()h)ur 
will) soitu- ntrengll) 

& briskn»‘s«i. 

21,'7/7« 

rv 10 

10.70 

1.02 

11.71 

0.87 

t).0 

(dood colour, fairly 
g(xKl slre-nglh and 
sf»in»' brisknejw. 

24/8/78 

TV 18 

10.7 

0.87 

8.9f) 

0.870 

.8.8 

Fairly gotxl colour 
with some brinkneM. 

31/8/78 
19 '9/ 78 

Bulk 

8.37 

7.82 

0.4 

0.91) 

18.0 

11.83 

0.022 

0.832 

4.7 

Dull and |)lain. 

Fairly goiwl colour 
with a liltlc briskne-jw. 

9/! 1/78 

TV 18 

8.48 

1. 01 

9.48 

1 .008 

8.7 

(^uiu- brisk colour of 
this liquor rc-»<*mblc« 
clone to rnrtlium qu- 
ality (ri’C liquor. 

10/11/78 

Mixe-xl 
Clones I V^ 

18 & lb. 

8.0 

0.7.8 

10.. 8 

0.714 

0.3 

Fair ( oDur with some 
briskne-w. 


• V alues based on Black Tea. 
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of llic prcxM’ss. It is vv( 11 known lhal the soluble solids 
in tea are eonsliluted mainly by the ibeallavins (11’), 
theariil)i^ins ( I R; and (alli int*. A proper balance of 
these ( hemit als must be maintained to get a product of 
acceptable (jiiality. 

Altliough the re sults w(‘re inconclusivt; and more ex- 
jreriments are rerjuiicd, som(“ tr<‘n Is ol dependancr* of 
(jualily ol Instant I tai on th(“ 11/ I R r.itio were noticed, 
d he results pr»-senU‘d in Table I l.lJl show the analysis 
ol som(‘ ol the j)r'o(lu( ts. 

It is to be Holed that in the absence ol any standaral 
pro(e(lut(‘s l(>i « hemical and organolc'ptlc evaluation of 
instant tea, liie analyla al iiK'thods used jor black t(“a W(a*(t 
ado|)ted lor onr product. 

Table 11.01 shows that wh(‘ne\'er TT/TR ratio is 
high('r, th(‘ (|nalily ol tea is also su j)et ior. 'This indicatr^s 
that il Il'/IR ratio is (onirolled to the iMugr' used for 
black tea, betU'r li(|uor charactraistii s may b(‘ obtairted. 
Some ol (he s.nnph s (luring (Ik? second Hush protluccal 
<|ualily hot soluble instant tea, whi( h .iccording to 'Tea 
I aster, was not dislingnishable from the li(juors of ortho- 
dox lea m innf let nred ( oucurrently from (he sanu* giaaai 
leaf. The product was also tast(‘d by sevcaal pndi'ssion- 
als and was I'avccirably commented upoti by tlieni. 
Unfortimatidy its ’■k<'cping (juality” is yet to I'cach a 
desired l(‘V(‘l. 


Equipment 

The lollowing 
(his ()rojcct. 

1. Withering 

2. Ti/ey roller 
d. ( I T( ; machine 

4. lialcli l',\ira< tors 

(Tad lie l\pc misers) 

T). ( li)nt muons extractors. 


(). Refrigeration unit 
7. 1 )(‘min('r'aliser 
H. ( kaitr ifuga' (Bowl type) 
T. Spray dr ier 

10. T.icking unit. 


ilt'tns of ('(|ui|)m(‘nt are Ixdng usral in 
trough 


'Thus the project has at present almost all the necessary 
ecpiipment except lor those required for concentration 
and aroma recovery. The Sjrray drier has been giving 
some tramble from time to lime. The temperature cori- 
Irolhe of the air h(*atirig unit of tlur spray drier went out 
of order at the beginning itself. 'The high pressure pump 
used l()r atomisation also was not giving the reciuired 
pr(!ssure n'sulling tlaueby in the formation ol' larger par- 
li(‘les which could not be driral to the flesircd k‘vel. It 
was observed that the wet jrarticles formed a layer on the 
inner wall of (Ik* drying chamber and also in the inner 
wall ol th(‘ duet ol the cy( Ioik*. 'This was due to incom- 
f)l(‘le evaporation wliieh might have been due to p(X)rer 
atomisation or diH* to inadecpiate surface area for drying. 
'The exact reasons for this, how(‘ver, could not be ascer- 
tained as tlu' lu'at ex( hangiu* ol tlu* air-ln^jiling unit wamt 
out ol oi'd('r towards the (uid ol .November and iio drying 
has b(‘(‘n possible since. The cfjuipment is under' repair 
and experimentation on extraction continues. 
Personnel 

Sponsor'cr : ( ihairman, 'T(‘a Board. 

Convenor : Dr. K.K. Mitra, Director 

(Research) 'Tea Board. 

Tr-oject consult, mt : Dr. M.M. ( lhakraborly, De*pt. 

ol .\j)plied ( Ihemistry, 

( ialculla Univer sity. 

'The oilier nuunlx rs o! (In* slalf are : 

Project Dir-ector : Dr. N.K.. Jain, Director, 

Tocklai I'.xperimeutal Station. 

Project laigiiK'er : (i) M.N. (iogoi. 

(ii) V^acant. 

'The other miunbtus of the' staff include three plant op- 
erators, one clerk and se\cn h<‘l|)ei's including the chow- 
kidar. Ol these, (he sc'cond post ol Project laigineer has 
been lying vacant sinc(‘ Mar ch, 1977 and two of the plant 
operators have resigned during the ye ar 197B-79. 
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INTRODUtmON 

On the rccoinincndation of Knoledovv C.onnnission of 
oiKjuiry, 1935-36, iho I.ondon Sc ioiililic Advisory ( lo- 
ininiltcc of Indian Tea Association (London) was I’ornu'd 
and a jjlan and pro.t»;rainine were drawn up to in\ ('stii^alc: 
tlic chemistry of made tea in London. With tin* a|)point- 
ment of Dr. L..A.H. Rc^heris in 1 937, eluanieal in\(‘siit»a- 
tion on the ehtMiiistry ol' t(‘a l)(',i>an in 'I'ocklai as well as 
in London's Butler’s Wharl’ Labor.ilorv. In 19.")2 l)i-. 
Roberts resigned from focklai to assunu' eouliol ol' th(‘ 
Indian I’ea Association's cliemical laboratory in Lmidon. 
A^ain the S('Cond faiL’Iedow Oomniission of 19,');L.")1 r(‘- 
commended joint jjlaii and pro^rainnu* of woik <»n die 
clu'mistiy of tea l)y focklai Lalioratory and elu inical 
Laboratory, Janidon. fVom Df)!) to 19()3 th<‘ l•('pon on 
the work of chemical Lalxratory was jniblislied in To( klai 
Annual Scientific Reports. But, diK* to sad demisi' of 
Dr. Roberts in 19()2 die K'search on tea ('hemisir\ was 
transferred to tin* Department of < heniistr) ol Shellii'ld 
University under Professor ( )llis. 

d'he SheOic'ld i^roup coneentratid on isolation, jiiui- 
hcation and detailed study oii the ( hemii .il «uid physii al 
])ropi‘rties liir the structural iii\ ('sti^atious ol jiolyplienol 
compounds with special rel( r('n('(‘ to tlieallax iii and ihe- 
arubit^in com|jounds of l(‘a. Subseciuerit study uplo 
1977) related to model tt'a m.mulactiire usint; tea (ompo- 
nents with enzymes and ehemi( ;ils. ( :hemi( al imcstii^a- 
tions of on'en h'afaiid liku k le.i lexlrai tives were also ( a- 
rried out with special reler<‘iie(‘ to ihe.irubii^in Irai tions, 

d his re|)ort summarises t li( \\( >rk doiK' .it Slwlheld I ni- 

Ncrsity between I9(),3 and 197() b\ stiah uts and (olla{j;ues 
of Dr. Ollis, D. Sant, lirov ii, lb llaslam, R.D. I la- 

wortli, V.(;. Vora and A. Holmes. We a»'e matelui to 
Prof. Ollis and his i^roiip foi' < oiidia t ini( these studies: 

to Shellield Lbiisa’rsitx authorities for j)io\idinL!^ the la< i- 

lities; acknowledge with thanks the guidance ol Sii 1 tank 


oH 
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at ITuilirrsit^ 

laigh'dow I RS ( .M(i. .md menibrrs ol tiu' London Scieii- 
tilic ( .oinniit t4'(' ol tin* I R.\ and the assistiUu e rendercHl 
by tht‘ Lotulon Sciintilic Uommittee (lhairman and 
soerctariat. With this, a i haptia* ol inti’rnalional scientilic 
< ollaboration conns to a elost‘. 

It was j)rop()S(Hl in P)7t) to ((mtiinu* the researc h pro- 
ject on th(‘ chemistry and biochemistry of blac k tea in 
(ii'iitral Drug Rc‘seari h Institute {(IDRI), Lu( know, 
Indi.i unde r the superv ision ol Dr. \’.( !. \'oia aiul Dr. 
S.P. Po|)li. Dr. P.K. M.ihanta, .Assistant Bio< hemist 
was ajipointed by l oekla' in 197H to ( .irry on the* work. 

(a) Study with Model Fermentation systems 

.Many groups ol workiMS have stndie'd this asjieit 
ol te.i ( hemistry using eilhi'r aceMoiK' vvaslu'd green le.if 
poweler as th<‘ <ai/yme source* or e rnele soluble tea eii/\ in(T 
|)H'|).nation anel stuelie el the reae tions by two dimeaisienial 
pape r ehroinatography , llowe've r, use* of coinmn e hro- 
m.itogiaphy fnmisheel pine* eoniponnels ewrlii'r known 
or unknown .niel also prove'd the iele'iility of othe r eom- 
pounels. 

Both soluble te.i eii/ynn* anel ae e’tone' washeel (‘n- 
zyine pieparations were- made' aecoreling to the* kneiwn 
lui’lheiels. 'I'he* substrate* use*el we*re* single* pe)lyphi*ne)ls. 
Senile* nh\e*el substrate* re ae tieins we*re* alsei tried. The 
time* alle)we*el was l<aig(*r <is eenupai e*el tei natural eine*, so 
as to .dlow the* rennialie))! ed' high nieilea nlar we*ight 
spe*e ie*s ( t hearnbigins) . 

De*-esle*rifieatie»n etf gallale*el spi'e ie's w'as the* eomm on 
re ae lion e*ne eninle re el. l oriuatiem e)| bisllavaiieils (3) 
eee e nrre el in the* syste nis e enitainiiig e’pigalleie ate*e hill 
gallale* (21 I or e pigalleie ate'e hin (20). 0 he'allayie* acid 

fh I, its isenue r ('10; anel gallate (*sle*r (11) we*re re'e ogni- 
sed in s\ste*ms < e>maining ( al(*chin (16) anel gallic acid, 
e*[)i( ate e hin fl 1) anel gallic ae id and e*pie'ate*chin gallale 
(21; and gallie ae id. rh<*allavin (22) was |jre)dnc(*d in 



(4j Tricciinidin antioxidant 
of (— ) epigallocatee hin 



9 .' 


'f oCKLAI ExpERIMANTEI, StAHON 



(9)R= „ ^allatc (! I) R= gallatc 



systems (oiilaining cpicatccliin (14) aiul (‘pigalloratcchin 
(20). Oxidation ol gallic acid to [)ur[)nrogallin-6-carbo- 
xylic acid (7) was al.so observed. 4’his showed that de- 
carboxylation took place during this reaction. 

In order to study the origination of thearii bigin, 
theallavm (22), qiierectin and theallavin-3, 4'-digallate 
were incubated separately with en/.yine powder but no 
reaction occiired except in the latter where only decar- 
boxylation was ob.served, thus showing that theallavins 
alone do not contribute to the forination of thearubigins. 
A similar reaction of epigallocatechin and chlorogenic 
acid (50) yielded Hisllavanol (.I) and a ird pigment 
having pn)bable structure (65). 


OH 



Incubation of catechin (16) yielded a major yellow 
product which on the paper chromatogram showed a 
yellow streak, showing the polyrnari/ation of catechin. 
However comparison of the IR spectrum of the original 
compounds and reaction product showed great differences, 
Kpicatechin (14) also underwent a similar transformation. 
Similarly oxidation of epicatechin gallate (15) gave an 
orange product (60) showing theand)igin characteris- 
tic.«. On the other hand oxidation of catechin (16) and 
epicatechin gallate (15) yielded a compound having stru- 
cture (59). 4’hearubigin type products obtained from 
different substrates separately such as pyrogallol, gallic 
acid, catechin, epicatechin, epigallocatechin, epicatechin 
gallate, epigallocatechin gallate, catechin and gallic acid 
and epicatechin and epigallocatechin, when subjected 
to acid hydrolysis did not show the formation of antho- 
cynidins thus ruling out the presence of any proantho- 
cyanidin linkages. 

Oxidation of epicatechin only yielded the thearu- 
bigin type material, identified as proanthocyanidin dimer 
(54) thus showing that thearubigin type compounds can 
be obtained from all tea flavanols and other polyphe- 
nols such as gallic acid or purpurogallin-6 carboxylic 
acid and (7) However flavanols and theallavins did not 
afford the thearubigins. 

Isolation of low amount of anthocyanidins from the 
hydrolysis of the black tea thearubigins shows that pro- 
anthocyanidin linkages present in thearubigin frame 
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work may originate from the incorporation of jn'oanlho- 
. yanidin molecules in thearubigin, which are in turn 
present in green leaf. 

(1)) Synthesis of theaflavins and flavanotropolenes 

Pure (11), (F)), (lb), (17), (18) and (20) were iso- 
lated from natural sources and stored at 0 C. Purpuro- 
gallin 6-carboxylic acid (7) was prepared from pyrogallol 



OH 


(14) R H ( — ) cpicatcchin 
( 5) R galloyl gallatc 



(la) R - ll(-l-) galloc alcchiri 

(19) R ~ galloyl ; gallatc estor 


and gallic acid. Sim|)le I '-2'-dihydroxy-:M.|>en/.olnH 
polone (30) and its (i-carboxyhc acid (31 ) ueir prepanxi 
by the oxidation of eatechol and pyrogallol or caKx hol 
and gallic acid Oxidation of (-|-) catechin (l(i) or ( ) 

cpicatcchin (14) scparalcdy with gallic acid alVordcd (8) 
oi (4) 1 cspcctivc'ly idc'iitic.d with the* authentic* sample's. 
1 hc‘ oxidising agc'iit used was a mixtuic* of potassium 



( R>) R * M 0 ^ 'atcc hin 

(17) R galloyl ( j ) Oatcchin gallatc 



(20) R-^!l ( ) epigallocatrchin 

(21) R - galloyl, gaUalr ester 


ferricyanide and sodium bicarbonate. 4 he l()llowing four 
possible theallavin isoinc-rs were synthc‘sisc‘d by thc! 
oxidalioii of the llavan-3-ols (bund in grc c'ii Ic-a lc*al. 



OH 


(22) Thea flavin R,— R 2 '-^^ 

(23) 'I'hci flavin-3'-gallate, 

(24) Thcaflavin-3-gallatc. 
(2*)) rhcariavin-3,3 digallatr 


(Combination (22), (2<)), (27) and (30) wc-rc i>rcpared by 
the oxidative* coupling of (i) (i 1) and (20); (ii) (14) and 
(18) : (iii) (II)) and (20); an I (iv) (lb) and (IPd. 



OH 


(26) Isothcaflavin R,~R 2 = fI 
(31) Isotheaflavin-S'-gallatc 
(52) Isotheaflavin-8*gallatc 
(33) Isothcaflavin 3, 3' digallatc) 
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OH 


(27) N(!()iheaflavin R| = R 2 =H 
(31) Neotlieaf lavin-3-gall'Ue 
(35) Ncothcanaviii-3-gallatc 
(3()) i\coiiicariavin-3-3'-(ligallatc 

'riicsc isomers iiivolvixl the (oriliguratioiial ciiangcs 
at th(! (1-2, (Mi and (1-2', Cl-.i' positions of the inolcrule. 
1 he gallat<* csUms were prcpar(‘(l l)y taking iTsp(‘('tivr 
gallati* prec ursors. 

(loinpound (30) atid its gallate (‘slers have not yet 
been isolated Iroin the blaek tea. Also (he gallate ester 
of (2()) and (27 j have not l)e(‘n reported I'rom blaek tea. 

Methylation of tlu‘ theallavins yielded methyl ether 
while a('etylatIon allbrdi-.l their aeetale. .All these com- 
pounds were assigiK'd their structures on the basis of IR, 
IJV and NMR data alongwith their appearance in paper 
chromatography. 

Besides various other llavanotroplones (dO), named 
as categallin, pyrogallin (12) its gallate ester (13) were 
prepared by the couided oxitlation of catechol and epi- 
gallocatechiu (20), pyrogallt)! and (20) and pyrogallol 
and (21) respectively. 



Oxidation of epicatechin gallate (15) and catechol 
afforded a product yielded (42) arising from a new novel 
mode of coupling. Similarly oxidation of (21) and cate- 
chol yielded two products. The minor one assigned 
structure (43) while the major one was assigned structure 
(41) arising from the usual coupling. 



OH 

(30) Isoneothcaflavin R' = R*“H 
(37) Isoneot hcaflavin-3'-gallatc 
38 ) I soneo t h ca f 1 a v i n -3 -ga Hate 
(39) Isoneotheaflavin 3, 3'-digallatc 


R 



(4 0 (.13) R-OH 


1 akiiie el ul used tea oxidase en/yrne to t'ouple the 
fiavonoid glycoside myricitrin (44) with catechol to yield 
erycitrin (4:)). Acid hydrolysis of this furnished agly 
cone erycetin (46). 



(45) R==C5HxiO, (46) R=H 


In analogy with this and possible occurrence of these 
pigments, various other benzotropolones arising from the 
coupling of quercetin and (20) to give (47), caffeic acid 
(48) and epigallocatechingallate (21) to afford (49) and 
clilorogenic acid (50) and (21) to (51). 
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IR spectrum of flavanotropolones : (icncrally all 
of these eompounds showed the presenee of chelated ()II 
(3100-3300 cm' ') chelated carbonyl at 1020 cm* ^ and in 
the ease of i^alloyl esters, an aromatic ester carbonyl «it 
1700 cm^h 

UV absorption spectrum : Ahypsochromic slnlt is 
observed which f^oini^ from ben/otrojx)lone (4<)t) nni; to 
its 6-carboxylic acid (400 nmj. Introduction of galloyl 
group at position 3 intesnsifies the band at 2H0 run. 

Mass spectrum: All theset theaflavinsand ihcirgallat- 
esshow a similar fragmentation pattern being (k)ininaled 
by loss of 166 a. m.u. letro-Diels’ Alder reaction. In the 

case of gallatc methyl ethers the pattern is dominated by 
cleavage of ( -212 a rn.u.; involving the trimetho.xybenzo- 
yloxy residue and by' reiro-Diels’ Alder reaction ( -166 
a.m.u). In case of catcgallin the spectrum is dominated 
by the loss of (-248 a.m.u.) 1 '2'-dihydroxy 3-4 benzotro- 
polone-6-carboxylica acid. Also a pronounced peak due 
to loss of a CO fragment (-28 a.m.u.) to yield phenol 
radical is observed. 


N.M.R : In all tlu'se cases a low field signal at 5 .3 attri- 
buted to lh(‘ hydrogen bonded hydroxyl grouj) is olrser- 
vcd. Other signals due to different aroirratic protmis arc 
also obsr-rved. N.MK sj)e( truin has been ofgKXit im]H>r- 
tance in assigning the stereocliernistry at ( ^2 and (1-3 
carbon aUniis »)f the heterocyclic, ring. An axial erpio- 
torial relationship {Irans) betw(M*n protons at the 2 ik 3 
positions (mj leads lo a singlet (j2, 3 ■=()) for 0-2 1 1-ari 
axial-axial relationship b<*lweeti these two protons lead.s 
to a couj)led system (jg^a -iHz), thus confirming the 
asymmetry at these two centres. 

(cj Thearubigins and model compounds 

It has been assumed that thearubigins are formed 
from the flavan-3-ols prirsent in green leaf. 'Fhearubiginx 
generally showed characteristic streaking on paper chro- 
matography. In view of this, several compounds con- 
taining flavanotropolone residue have been synthesized 
which may be present in black tea. It has also been 
shown that thearubigins contain proanthocyanidin type 
units. This thus led to the isolation of proanthocyanidins. 
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Polymerisation of catcchin or cpicatcchin on heat- 
ing with HCll yielded a buH eoloiirctl amorphous solid 
which show(‘d characteristics of thcarubigins. However, 
this coidd not be degratled. 



(53) (-]-) catcchin (-j*-) catcc hin 



OH 

(55) ca tech in -f cpicatcchin 



(58) trimcr ( from catcchin ) 


The dimer (54) and (56) were also isolated from 
€(x:oa beans. On hydrolysis they furnishcxl cyanidin 
(28) derived from cpicatcchin. Al.so cpicatcchin (14) 
and catcchin (16) were obtained from and B, respec- 
tively. 


Proanthocyanidins are liavan-3-ol dimers and 
higher oligomers which on hydrolysis yield anthocyani- 
dins. Following dimers and trimers have been reported 
to occur in tea by several workers. These are formed 
by the various combinations of catcchin or cpicatcchin. 



(56) e, iratcjhin -f (-)catccliin 



(57) trimcr (from catcchin) 

'I'liesc proanthocyanidins have been assumed to lx- 
denvedfromnavon -S-ols. Since tea contained catechins, 
gall<xmeehins and their gallates. proanthocyanidins de- 
rived from all combination of these flavan-3-ols may be 
present. 
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In view of this various flavanotrof>olone oligomers 
were synthesized using alkaline potassium ferricyanidc 
as the oxidising agent. 

Coupling of (15) with (16) afforded (59) formed 
by coupling through the galloyl residue of epicatcchin 
gallate (15). 


I 

OR 



(59) 

( 61 ) Ri--.OH, Rj -H 

Condensation of epigallocalecliin gallate (21j\vith 
ealechin (16) or epicatcchin (14) furnishes mainly corres- 
ponding tficatlavin rnonogallatc. Besides tliis, other or;i- 
nge products were isolated which wen* assigned structures 
(61) and (62) respectively. Further anotlu^r possible 
product (63) formed by the coupling of two molecule of 
catcchin and one molecule ofepigallocatechin gidlatc 
may also be obtained. 



These llavanotropolones show the same paper chro- 
matographic behaviour as thearubigins. Thus then is 
possibility that these tropolone ester linkages are ff>rmed 
during tea fermentation by the enzyme tea oxida.se, but 
may be in very small amounts as compared with thea- 
flavins. 


When epicatcchin gallate (15) was alone oxidized 
four pnxlucts were isolated having IR and UV specinmi 
similar to those of Bavanotropolone system. The first 
one was a.s.signed structure (60). The other three were 
similar to (60) and hence may be behinging to trimeric 
or higher species. 





(60) R' 11, galloyl 

(1)2) R' on, K, n. 

MS : Mass sj)ecna ol dw ii m ihyl (‘thers an* all idi‘ntieal 
and are dominated by tht* lois oi (-Kit) a.m n.) resulting 
from retro-l)i(*ls’ Alder fragiiMUi'ation. I Ik* presenci* 
of the gallate in the nonmethylalcd com[)omKl was fletec- 
ted by the aj)pearance of ions at m/<‘ 153 lormed from this 
grou|)iiig. 

N.M.R. I’FheNMR spectra were consistent with the 
siructun* propos(‘d ; signal bioadi^ning occurs with the 
iiurease in the molecular si/e. FIk* dimeric' product 
showc-d < learly rc'solved spc’ctrum. I lie broadening of 
the* signals show<‘d polymerization. 

(cl; Study with Green leaf estractives : 'Fhecpiality 
of blac k lea de pends on the ))c>lyphenc)lic contents of gre(*n 
le af which undergo chemical change during the (ermen- 
tation stage*. With this view [)olyphenc)lic contents of 
green l<*af were investigated. I'he ethyl acetate extract 
ol grc-c'ii leaf on column c hromatography over sephadex 
I J 1-26 yielded t(*n fractions which were loc ated by mo- 
nitoring the eluent at 260 nm. Fractions 2 and 3 con- 
tained tricetinidin ( UV 2B0, 510 nm ) (4) and luteolini- 
din (64) (UV 2B0, 490 nm ) respectively. Fraction 8 
mainly conlain<‘d epigallocalechin gallate (21) and a 
trace of theallavin along with other proanthocyanidin 
dimers and trimers. Hydrolysis of this fraction with 
dil HCl yielded cyanidin (28), delphinidin (29) and tri- 
cetinidin (4). ICpicatechin was also detected in this 
fraction 

Fraction 10 contained traces of thearubigin like 
compounds. Acidic treatment yielded cyanidin, del- 
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phinidin and small quantities of flavanols, ( ~) -epigallo- 
catcchin (20), ( )-epicatechin gallatc (15) and epigalloca 
techin gallatc (21). 

Fraction 7 and 9 were again subjected to column 
chromatography over sephadex and yielded (28), (64) 


and ( 1 6) from the former while the latter yielded ( — ) 
epigallo catechin, 3,5 digallatc along with (28), (29), 
(20), (15) and (21). 

Isolation of these anthocyanidins led to speculation 
on the biogenesis of these compounds. It wash shown that 



flavatiol gallatc an* converted to anthocynidins when 
stored for long time. However these wen* not l()rined 
when [)ur(‘ llav;inol-gallat(‘s as solid or solutions were sub- 



<=>M 

(29) 


jeeted to UV liglit; thus confirming that the cleavage of 
flavanol gallatc is a thermal process. However, the an- 
thocyanidins W(Te also not obtained from llavanols not 
containing tlie galloyl grouping. 

From green l(‘af by a modified extraction procedure, 
the four bisllavanols were also isolated. NMR spect- 
rum was fairly complex which is possible if the heterocy- 
clic ring in the lower llavan-3-ol adopts a skew boat con- 
formation and the aryl grouj) at C%2' is in a quasiaxial po- 
sition. rims there is possibility of the presence of two 
conformers in terms of restricted rotation about the C'.-4 
linkage between the two flavan-3-ol units, 

(e) Study with Black Tea extractives 

The tea colour is mainly dcpcnde.nt on the poly- 
phenolic constituents of black tea. With this idea a 
detailed study of black tea pi^lyphenolic content was un- 
dertaken. I’his was tlone by following two procedures. 

(1) ethylacetate soluble polyphenols (2) acetone 

soluble phenols. In the study special attention was paid 
on the isolation, purification and structural work on thea- 
rubigins. 


Ethyl acetate-soluble polyphenols 

This being fractionated by column chromat()graj)hy 
over sephadex LH-20 yielded 17 fractions by elution 
with chloroform-methanol light petroleum (1:2:1) and 
fraction 18 by final elution with 6()^„ aq. acetone. 

.Ml the Havan-3-ols present in green leaf were 
tound pr(‘sent in the blak tea extract. iMiilher fraction- 
ation of Fractions 13, 14, 15 and 16 yielded, theallavin 3' 
monogallate (23), 3, 3( digallatc (25) and 3-inon()gallate 
(24). Fractions 14 and 16 yielded bisfiavano 
monogallato (2) and l)is(lavanol digallatc (1). 

OV^ 

OH 

oH 

OH 

(2) Bisflavanol B (monogallate) 

R'=H, R2 = galloyl 

(1) Bisflavanol A (digallatc) 
R'=rR2=galloyI 

(3) Bisflavanol C 
R'=R2r^H 

I'annase hydrolysis of (1) yielded gallic acid and (3). 
Fraction (13) yielded a compound whose IR and UV sjx‘* 
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drum were characteristic of purpurogalliu moiety in the 
molecule. This was later found to be pyrogallin-3-galhue 

(13j. 

Fraction (16) yielded an orange red material showing 
IR andUV spectrum indicative of a T, 2' -dihydroxy-:!, 
4-beiizotropolonc-6-carboxylic acid grouping. riiis 
could have structure either (59) or (6U) mentioned 
earlier. 

Aqueous Acetone extract : I’lie tea powder extrac t 
was chromatographed on a sephadex LM 20 coluinn in 
bO'h.aq. acetone.'riiis yielded a fraction (max :!84 nm) 
which when rechromalographed yielded 10 fractious. 
Fractions 6, 7 and 8 when rechiomatographed yielded 
(21) from Fr 7 and 8 tlavanol B (2) from Fr. 8. Frac- 
tion 6 however yielded bisllavanol C ('^) and a proaiiiho- 
cyanidin I'raction which on treat itient with hot eth; nolic 
HCl yielded epicatechin (14). 'Thus indicating the pn^- 
sence ol a dimeric proanthocyanidin lormed from two 
catechin units, with (- ) epicatec hin as tlie unit linked at 
the C-B position therefore could have' structure (55 j. 

f rom the arpieous acetone extrac t by further chro- 
matography on sepliadex FH 20 (methanol) was isolatcal 
aglycone (jucTcetin, 

(fj Tea Quality study 

Also in the study the lea samplers wc're (‘xamin(‘d 
by column ('liromalographic mc'thod at \arious stage's of 
tea manufacture. Samples A1 and .\2 was dc'rivc'd from 
freshly plucked cut green leaf while samples B and C 
were obtained from withered and witliered fermented It'al 
respectively. d lK'se were treated in the- s;une manner as 
Idack tea and were chromatograplu'd in 60",, acj ac etone 
in sephadex LH20 and the eluents were moniton'd by 
UV absorption. 

From samples A to C an inen-ase in the thearii- 
bigin and theallavin contents were observed. Howes c'l, 
sample A and B showed very little difference. 1 he thc a- 
llavins were most prominent in .samjde C and sample (. 
also showed a decrease in spot intensives of eatechins 
gallocatcchins and their gallatcs. 4’hus theaf lavins were 


97 

found to be present in moderate amounts in sam|)le A 
(c ut green Ic'at ) which shows tliat (‘nzymic oxidation 
piocess commences as .soon as the' cell nu'inbrane art' rep- 
tured. 1 lu'artibigin formation also begins at the with- 
ering stage', theallavin g.dlaii s wnv only formed in the 
fermentation stage'. 

.\ study was made to find out the pigment pro- 
file's fre>m K'a s.miplc's of difleicnt te'iii c'ntiition lime's. 

The .sa.mples were fermtiiied .u fU) I*' from /.cie> 
minutes for sample' 1 to 150 minute s for samples upto 2(). 
Bc'st re'sults were' fotind for s unple' 12 w hich had the be'sl 
.ill ronnel e haiae te ristie s although No. 8 was the brighte'sl 
and No. \[\ h.id more' strength without significant lo.ss e)f 
briskne ss. S.unple's were' studied in the same' manne-r a.s 
above'. I lie'.u'uhigin ( onte'iit was found to ine re'ase 
lhre)ughe>ut the' fe rme'iita.tie)!! stage*. Howevc r ihe'aflax ’ll 
e emte nt was fimnd to ire re use' eipto a certain stage* ar.d 
tlun giaelually elee re'a'e'il. Sample' 8 w as found to c on! a in 
the- highe st amount of the'. flas in le sponsible le>r its bright 
eolemr. Sample* 12 howc'xer showe-el a gexx! balarue 
be'twe'cn the'arubigin and the*aflavin conte'ut resjjonsible* 
for its be'st all re)und e|uality. 

(k) The role of the chlorophylls in black tea man-^ 
ufacture 

riiis aspe*( I was e'e>nsiele're'el te> be* important with a 
vi(‘w that ehloiophyll is transfe)rine*d whe'ii going from 
gie<*n leaf to })la('k te'a. Ihe* common transformation 
products found in tea ine hide* phe'ophytins and the plteo- 
phorlides. Ile>w'eve*r formation of' other preHlucl occur- 
ing due to moie'e ular bre'ak down during firing stage can- 
not l)e rnle'd out. It is tht'se transformation product 
whicli may eonstitnle* to some* extent the* tea colour. 'Finis 
ifie* fadors sue h as pH, rhlorophyllase activity, heavy 
metal ion cone . and the* method of rnatmfaeliire of lea 
migfil afli‘(t the chlorophyll transformation. 'Flic arn- 
onnt of ehlorophyll pre*sent in te*a leave's de-pe nds to some 
c'xlenl on the* weather as well as on its situation. 'Fhe 
lilaiits growing in dull rainy weather or at low elevations 
contain more e hlorophyll as eomirared to thos<‘ growing 
in sunny wc'atljc'r and at high e le vation. 
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LIST Ol' KXPF-RIMENTS CONDUCTED IN I'HI'; MEMBER ESTA'IES 

BY 

ADVISORY DEPARTMENT 


South Bank 


Proje<t 

Site 

Index 

Year of 



Nf 


starting 

NPK manuring of mature lea 

Panilola 

AS 

lOH 

1973 

do 

riiowra 

AS 

111 


<lo 

Rupai 

AS 

114 


do 

Dilfloo 

AS 

12P 


do 

Meleng 

AS 

142 

1971) 

Foliar applie.ition of Zim 

Panitolu 

AS 

lOB 

1973 

Shade in Relation to Tea 
Ntitritiori 

I'howra 

AS 

IK) 


do 

Potduhi 

AS 

113 


(If) 

Mellioni 

AS 

111) 


Plucking Exfierirnent 

Lolipohia 

AS 

133 

1974 

Infilling l•'xperiment 

1 lalmari 

AS 

129 

,, 

Rejuvenation Isx peri men t 

I'ara 

AS 

12a 


do 

fVloijan 

AS 

130 

,, 

do 

Dilli 

AS 

KiO 

1978 

(Cultivation I'Wperiment 

I )eohall 

AS 

134 

1975 

\'oung Tea Manuring (^' ^l)) 

f'alikjan 

AS 

144 

I97f) 

do 

Mel<‘ng 

AS 

1 If) 

1977 

Yfiung 'Tea Manuring 
(Response) Surface ,\PK) 

IJalijan 11 

AS 

ir>3 

1978 

do 

Sepon 

AS 

Mil 


New Plucking I'Aperinienl 
(IP) 

Xahoi't.illi 
(Naliorhal)i SeCj 

1 AS 

170 


do (l,P) 

do 

(Killvf)ari Sec) 

AS 

171 


Mieronutrient Trial 

Sejion 

AS 

1(>I 

1977 


Dilli IB 

AS 

154 



Dilli ") 

AS 

155 



Dilli-P 

AS 

I5(i 



1 )aimukhia-P 

AS 

157 



1 ).iimukhia-r) 

AS 

158 



1 )aimukhia-13 

AS 

159 



Melf'ng 

AS 

102 



S\ coiia 

AS 

103 



Dliekiajulli 

AS 

1(H 



Borsapori 

AS 

105 



Bokakhal 

AS 

160 



Methoni 

AS 

107 

- 


Cachar 


Projec t 

Site 

Index 


Year of 



No. 


starting 

NPK manuring of mature tea 

Silcoorie 

C 

38 

1973 

do 

Eongai 

(C 

39 


(Clonal response tf) N in diller- 





ent agro-( limatie region 

(Cooinhrrgram 

(C 

20 

1902 

Rejuvenation Experiment 

IsaOhecI 

(C 

47 

1974 

Pluf king and Prunning 

Hattikhira 

c 

45 

,, 

do 

Silrf)orie 

(C 

40 

1975 

Y(nmg t(‘;i manuring (V’ PD) 

Borjallingah 

(C 

19 

1977 

Yf)ung lea manufacturing 





( Response surla( e — N PK ) 

Arc utlipf)re 

(C 

50 


Bringing up ol young tea (Stu- 





dies on frame development) 

Arrullip >r(‘ 

G 

51 


Mir roimtrient Trial 

[sabheel- 4 

G 

52 



IsTbbeel- 7 

c: 

33 



Isahheel 11 

G 

51 


Spar ing I'l iai 

Borjallingah 

(C 

55 


New plur king trial (EP) 

West Jallingali 

(C 

5f) 

1978 


Sec. 2 




do (Ul>) 

d > Scr.l 

(C 

57 


Dooars «& Tcrai (West Bengal) 




NPK manuring of mature lea 

Bagrakote 

D 

55 

1973 

do 

Samsing 

1) 

50 


-do 

Nimtijhoia 

D 

57 


do- 

( iungaram 

ER 

7 


Nitrogenous lerlili/r'r • 

Baradiglii 

1) 

33 

1902 

(Clonal response to \ in diil'er- 





enl agro-r limatie rr'gion 

Ny.T Sylee 

D 

24 


(Cultivation and weed control 

CClniapara 

1) 

42 

1970 

Shade in relation to level of le 

a 




nutrition 

( ianrlrapara 

1) 

50 

1973 

Inlilling l',xperiment 

Karlick 

1) 

il 

19li9 

do- 

jainli 

1) 

40 


do- 

Eagii 

1) 

37 


do - 

Saiiabad 

TR 

4 


do- 

Mohurgong & 





(iiilma 

ER 

3 


Rejuvenation Experiment 

Dalgaon 

D 

43 

1972 


Metelli 

D 

44 



Killeott 

D 

45 



Rydak 

D 

40 



Kumlai 

D 

47 



(Jungaram 

ER 

5 


Plucking & Pruning 

Birpara 

D 

58 

1974 

' -<lo- 

Dalsingpara 

D 

59 


-do- 

Hansr]ua 

ER 

60 


(Clorte \'s Nitrogen Trial 

Nagrakata 

D 

4B 

19^ 

Irrigation Erial 

Dam Dim 

D 

03 

1976 

-do- 

Jainli 

O 

04 

1977 

Long Eerm Trial 

Nagrakata HQ, 

I) 

fil 

1974 

New long term trial 

-do- 

13 

62 

1975 

Young i(*a manuring(YTD) 

-do- 

1) 

05 

1977 

-do- 

Nagaisurrie 

D 

(i6 


Young (('a manuring (Res|X)n- 





se surfaee- NPK) 

Rydak 

n 

67 

1978 

-do- 

r>akhipara 

D 

68 

1977 

-do- 

Bhogol|)ore 

D 

69 

1978 

Bringlng up of young tea 

Hairlihari 

D 

70 

1977 

Mieronutrient Trial 

Bharnabari- 5 

n 

71 

1977 


Rharnabari- 6 

D 

72 



Bharnabari-7A 

D 

73 



Grassmore 

D 

74 



Nagrakata 

D 

75 



Bhogolp)ore 

D 

76 


Spacing Trial 

Nagrakata HQ 

D 

77 


Shade and Nutrition 

Sat^i 

D 

78 

1978 


North Bank 


NPK manuring of inatuiT tea 
-cl(v 

Shade in relation to level of 
tea nutrition 

Rejuvenation Experiment 
-do- 
do- 

Inhlling Experiment 

-do^- 

Plucking and Pruning 
Nitrf>gen with and without 
mulch 

Micronutrient 'Erial 
-do- 
-do- 
-tlo- 
-do- 
-do- 
‘Spacing Trial 
New Plucking Trial (UP) 

-do- (LP) 


Monabarrie 

AN 

no 

1973 

Naharani 

AN 

123 


Partabgarh 

AN 

118 


Kar harigaon 

AN 

135 

1974 

Ee/pur Gogra 

AN 

136 


Baghmari 

AN 

137 


Kacliarigaon 

AN 

140 


Baghmari 

AN 

141 


Dhoolie 

AN 

139 


Sessa 

AN 

138 

1975 

Durrang-IB 

AN 

146 

1977 

Durrang-IA 

AN 

147 


Singrijan 

AN 

148 


I'arajullle — 2 

AN 

149 


Tarajullie — 22 

AN 

150 


Tarajullie — 19 

AN 

151 


North Bank HQ AN 

152 


Hattibari 

Sec. 22 

AN 

168 

1978 

-do- 

AN 

169 
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99 


Darjeeling 

Project 


NPK Manuring of mature tea 
- do - 

Nitrogeneous fertilizer 
Clonal response to N in differ- 
ent agio climatic region 
P & K with and without 
wcedicide 

Infilling Experiment 






Project 

Site 

Index 

^■eAr of 






N . 


stalling 

Site 

Index 

No. 

Y-ai of 
starting 

Rejiu c n;u i« m Experiment 
Young tea manuring 

BaniKK khurn 
(hellc 

i>i 

Dj 

3H 

4H 

1974 

197H 

Chon tong 
Nagrifarm 
Lingia 

n.i 

:u 

29 

1973 

19h7 

Young tea manuring (ResjHm- 
seSuiface NPK) 
MiriMUMirienl I'rial 

PhoolHiering 

Ringtong 

Di 

D) 

47 

43 

44 

1977 

Nagrifarm 

nj 

19 

:9t); 


Balsun 

»I 

& 

4!> 

4fi 


Chamong 1 





( ioomte 

Di 

41 


nj 

31 

1979 



& 

42 


Sungma > 
Nagari ) 
Bannockburn 


Mahaiani 

Di 

40 





Ui 

36 

197t 
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LIST OF KXPERIMENTS CONDUCTED IN THE MEMBER ESTATES 

BY 

THE OTHF-R DEPARTMENTS 

BOTANY DEPARTMENT 


I.ist of Kstau s urulrr rlonal si'lrctioo scheme 


SI. No. Nainr of Estate 

South Bank, Aaaam 

1. Ifrclcakafi 

2. I)ukliMt(ia 
Ifa.sahari 

4. llorham 

h. I JahiiiL;<a|)aia 
f). Soiai 

7. Hukliial 

H. Dilli 

0. ( lIxTidropurhat 

10. riu^aliharn 

11. I ,< (Mid)' >1 

12. Diiijaii 

M. ( hihnifiarhat 

M. Ilalwatimr 

Atiii'i »orir 
lf». Mokrum^ 

17, (»al(K»Hj|fa 

10. Kim^amalty 

10 . Nctrfirititi^ 

20. I)(M»ri.T 

21. ( i.»palkt ishiia 

22. .'\mlukir 

2;l. I)rjo<. Vall<'y 

24. (Jourani'a 

2. '). Kaliapaiii 

2<). IVIoijaii 

27. Dcrpliiiij 

20. Horsillah 

2*' Narnlniniadi 

’k/. Dalowjaii 

dl, Herkatoni 

H2. Morial.ari 

*43. I.cnurai 

34. San^stia 

3. "). Harpathar 

3(». luonktollrc 

37. I.ctiurcr 

North Bank, Assam 

I. 

2. Mirjhoi'a 

3. Nau[rijuti 

4. DfiiHiscri 

T). rarajuli 

0. (iiii^ia 

7. Halrtn 

0. t'.hajiar 

0. (’hoihari 

10. Kokrajh ar 

11. Mornoi 


\'rar of startir)i,{ 


1072 

1074 

1071 

107.a 

107,3 

107,3 

l‘)7.3 

107f. 

107t) 

107t. 

I07». 

l<)7t. 

107d 

1077 

1077 

1077 

1077 

1077 

1077 

1077 

l<)77 

1077 

1077 


No. .Name of E>tatc 

r(vp(»rc & (iogra 

Sfinahliccl 

Sciiajiili 

Boi iuli 
Koldiiy 

Ka( harigaoti 
IMmlbari 
1 )lmlapadaiig 
Kiifiajiili 
Haghmari 
H'lrgang 
( iolipur 
.Nilptir 


Cachar, Assam 


( lhandighat 

Ihirtoll 

P.»l..i 

.Naisirigpore 

I.oHgai 

Horiallingah 


Dooars & Terai, West Bengal 


1977 

1 . 

(iopalpur 

1977 


Chu ipara 

1977 

3 ’ 

Central Dooar 

1977 

4. 

Kartick 

1977 

3. 

Rydak 

1977 

(i. 

l.ccsh River 

1977 

7. 

Baintgoorie 

1977 

8. 

Birpara 

1977 

<). 

(iarganda 

1977 

10. 

Subhasini 

1977 

11. 

Dalsingpara 

1978 

12. 

I*’,ngo 

1978 

13. 

Samsing 

1978 

14. 

.\iblic<4 

- . 

13. 

N'cwland 


Hi. 

rirrihana 

;“73 

17. 

Mohurgang & 

19'8 

18. 

Bijoynagar 

b»7t) 

19. 

Panighatia 

197(, 

197t» 

Darjeeling, West E 

197t» 

1. 

Happy Vall<*y 

1978 

2. 

S( >om 

1978 

3. 

Eingia 

197t) 

4. 

Balsun 

197(i 

5. 

Singljuli 

1978 

8. 

f ; ) nulcc 


Year of '>( ai ling 


1070 

1070 

1970 

1978 

1970 

1078 

1978 

1078 

107'1 

1078 

1978 

1078 


1978 

1978 

1978 

1978 

1078 

1078 


197(i 

1978 

1978 

197<i 

197(i 

197(i 

107(i 

107ti 

107(') 

197(') 

1078 

1077 

1977 

1977 

1977 
197ti 
197(i 

1978 
1978 


1073 

197.3 

1973 

1973 

1973 

1977 


SI. Experiments 
No. 


ENTOMOLOGY DEPARTMENT 

last of Experiments 


Location of Site 

site 


Index Year started 


1. KfTect of foliar application of Micro-nutrient on mite im idence 

2. Studies on seasonal incidence of scale insects 

3. Studies on distribution and abundance of .shothole Ixirer 

4. Studies on the incitlence of shade tree pests 

3. I.ooper control trial 

8. 'I’hrips control trial 

7. Scale Insect Control trial 

8. Cockchafar Control trial 

9. Evmentriid caterpillar control trial 

10. Nematode control trial (Palliative) 


South Rank Sycoita/Meleng Rokakhat 8 


South Bank Cinnaniara 8 

South Bank Moabund 8 

South Nank (h)vindaporc 8 

.South Bank Kotalgoorie fj 

Darjeeling Badamtam 8 

South Bank Dooria 8 

Dooars Meenglas 

Darjeeling Sungma 8 

North Bank/ Addabarie/Nagadhoolir 8 

South Bank 


.April. 1978 
March, 1977 
March, 1977 
April, 1977 
March, 1989 
May, 1978 
Sept. 1978 
Sept. 1978 
March, 1979 
Aug. 1978 
April. 1978 
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MVCOLOGY DEPARTMENT 




SI. 

No. 

Exf>c*rirnc*nt 

laicalioM 

Site 

/ndev 

No. 

War of starting 

1. 

2. 

Evaluation of dilTerent formulations against red rust 

.Study of the synergistic action of anti-biotic'S in combination with 

•South H.mk 

Hokaliola 

MR ()2(» 

1 478 

3. 

standard copper fungicides in controlling red rust 

Slii.lv of the elTect of foliar spray of fcTtili/ers in mitigating rc'd rust 


DahingcMpir 

MR 0i7 

197.3 


injc'ction in prt'sence or alrsc-nsc' of standard lungicidc* s|)rav 


Hokahola 

MR 023 

PE 3 

4. 

I'esting of a nc*w fungicides against Thornv stc-rn blight 

Darjc'c'ling 

Happy \'allt‘y 

MC t)i):v 

P)74 

f). 

6. 

Scrc-ening of fungicides against black rot 

To evaluate the synergistic action of anti-biotievs in combination with 

.So-.ith Hank 

Piuvai 

MH 020 

1978 


a lower dilutic^n of a copper fungicide in controlling black rot 


Hogap.mi 

MH 021 

1978 

7. 

8. 

Screening of fungicides against blister blight 

Effect of cliHerent treatments on the control of blister blight and 

Darjeeling 

.Siiom 

MK 009 

1978 

yield return 


Arya 

ME oor> 

I97(» 

9. 

Chemical c:ontrol of primary root disc-asc 

.South Hank 

.Nah.irkutia 

MP 0i)2 

1971 

10. 

-do - 


Horhai 

MP 003 

I97'> 

11. 

-do 

North Hank 

T.ir.ijullie 

MP 00) 

197r» 

12. 

-do- 

.. 

Thakurbari 

M»* 00l> 

197 » 

13. 

i() 

Darjcvling 

Halsun 

MP 00^1 

1971 

14. 

-do- 

.Smith Hank 

Dili 

MP 007 

1970 


SI. Xo. Kxprrinu'nt 

1. Trial of tonlinuous Tea Rollrr 

2. Trial ol B.L.C. Mark 11 

:V Trial of Cutter Attaclunent 


ENGINEERING DEPARTMENI 


Place 


(a) Huuwal 1 11 
(h) Halrin Til 
(< ) Chabua TK 
Moiuil)arir TM 
<lu 


Soulli Rank 
Nurilii Hank 
I •)>|>ct AsHaiii 
North Hank 


AGRONOMY DEPARTMENT 


SI. No. Experiment 

1. Cultivation Experiment in collaboration with Aflvtsory Drptt. 


Place 

Dcohall TE 


Y«‘ar of HtartiiiK 
l')77 


SI. N(/. Experitncni 

I. Uniformity Trial 


STATISTICS DEPARTMENT 


Place 


Year of slarlinK 


Nat^rilarm TE (We?ct Henj^al) 


I9b4 


SOILS DEPARTMENT 


SI. .No. Ex[)erimc-nl 

1. Drainage Experiment 

2. -do- 

3. -do- 

4. - d() - 
-do 


Place- 

Haroorhacai TE 
Eetigrai TE 
Khongc-a TE 
Hunwal TE 
Mogulkata TE 
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PUBLISHED PAPKRS & PAPI'RS IN IME PRRSS 

Awaslhi, R.C!., I97H. Productivity of Matun* IV-a in 
North I’.ast India, Synijjosium Bulletin of PLA(;R(^- 
*SYM-i, Kottayarn (Kerala) 

(Al)s. Both mature and young tea have contributed 
signincantly to increase llu* ov(‘rall yield ol tea in N.l'^. 
India. H7",, ol the I'RA rtiendjcT estates increased 
tfie mature tea yield betwe(‘ii O.f) percent to 10 per cent 
and more per annum in N.P. India during the period 
1970 t.) 70.) 

Dev Choudhury, M.N. and Baja], K.L. 1979. Incorpora- 
tion of ' Dl- ('ompounds into amino acids and poly- 
phenols ol' excisc‘d tea {cameltia sinensis) shoots. Plant 
Biochemical Journal, (i (1), 10-2.9. 

(Abs. 'I'lie Study ol the biosynthc'sis of amino acids 
by feeding IJ- * ( .'-glucose, ’ l-sodium carbonate, 
l-‘ ^ C-sodium propionate and ‘ ‘k l-phenylalatiiru' to 
excised tea shoots indicated that tlKMiiine (N-(‘thyl 
glutamine) was not biosynthesissed in tea shoots. 
Incorporating labelf'd glucose to c'xciscxl tcxi shoots, 
labc'llc'cl aspartic acid, glutamine, alanine, tyrosine, 
v'aline, leucine isolcaic ine, glutamic acid and phe- 
nylalanine wcac clclc'c ted. 'rheseamino acids wc‘re 
also biosynthesisc'cl wheat labcdlc-cl sodium carbonate 
was fed to tea shoots. In the former c.ise, glutamine 
but in the* latter case glulamie acid was highly labellc'd. 
Catecdiin and p-coumaryl cpiinic acids wc're found to 
be partly biosynthc-siscal from phenylalanine. With 
labelled I-' ‘('.-sodium jtropionate, radioactivity wa.*? 
mainly .issociatcal with aspartic acid, tyrosine, gluta- 
mine, chlorogcaiic acids and theogallin. Some of the 
biosynthetic jtathways ol amino acids and chlorogenic 
acids were bric'fly discussc-d.) 

Rao, V.S. 197^). Integrated Weed Control in 'lea. 
Proc Conf Indian Soc. Wec'd Sci. held in January 1979 
at Parbhani, Maharashtra, PP. bl. 

(Abs. 'rhc‘ most (‘Ifeetive approach for integrated 
system ol wec'd control in a crop should be to evolve 
the highly elfcctive and least expensive weed control 
scheduler that do not disturb the ecological and envi- 
ronmental balance. As herbicides and human labour 
are Ix'coming increasingly expensive, there is a greater 
need to eccuiomic weed control practices for financial 
and environmental reasons, weed research programme 
at Tocklai is directed to meet this objective. 'Fhc 
results of various experiments of time and duration of 
weed comix'tition, herbicide selectively, weed succe- 
ssion, herbicide mixtures, sequential application of 
herbicide new herbicides, surfactants and fertilizer 


additives, herbicide persistance, spraying techniques, 
manual weed control economic evaluation of weed 
control practices, are presented and clLscusse:!). 

Rao, V.S. and Kotoky, B. 1979. Knhancement of (ily- 
j)hosate Activity by Solubilization and Fertilizer Addi- 
tives. Proc. Conf of Indian Soc. Weed Sci. held in 
January 1979 at Parbhani, Maharashtra, PP. 11 

(Abs. At 0.4 kg/ha, the solubilized glyphosale showed 
substantially higher activity on Imperata cyimdrica (th- 
atchgrass) a commonly occuring perennial grass weed 
in tea, than that of the normal glyphosatc formulation; 
its weed contr'ol ellicacy at this r'ate was similar to that 
of the latter at O.B kg/ha. 'fhese results indicated that 
.solubilization enhances tin* weed contrf)! ellicacy 
ol glypho.sate and hr'lps to reduce its optimum rate 
of applic ation substantially. 

In s(‘pai'ate ex[)eriment,s ammonium sulphate, urea, 
supp(‘r phosphat(‘ (single) and diamrnoniurn hydr'ogeii 
phosphan‘ w(‘re tank mixed at 0.-9'’,, and 1",, with gly- 
pho.sate (0.4 kg/ha) .solution. Addition of ammonium 
sulphat(‘ ,md diammonium hydrograi phosphate increased 
(h(‘ ac tivity ol glyphosatc* on hnpernla. Bc‘ttc*r wc'cd con- 
trol was ob.scTved when lh(*y wc‘re mixc*cl at O..")'’,,. 'Fhese 
results suggest that the* ammonium salt pi'csent in 
the.sc* two fertilizers is pi'obably contributing to this en- 
hanced giy|)hc).satc' activity by way of its elfect on mem- 
brane' jx'rrnc'ability). 

Satyariarayana, (h, Baruah, (FC.S., and Barua K.C. 
1978. Screc'ning fungicides firr (onti'ol of Idister blight 
oftc'a in North-l'ast India. Methods for evaluating plant 
fungieddes, nernaticidcs and bact(*ricides. Published bv 
American Pin topatholcygical Scxdety, p. 72-73. 

(.\l)s. Me thods ol assessing the blister blight in- 
cidence in Darjeeling are describc'd. Contr'ol opera- 
tions with dilferent formulations and spraying tech- 
nupies are detailed.) 

Venkataramanan, M.N., and Satyanarayana, (h 1978. 
Autecological studies on Sphaerostilbe repens caeesing 
Violet root rot of tea. Acta Botanica Indica 1978. 6 

(supplement) pp 178-179, 

(.Abs, Autecological studies on Violet rcrot rot pa- 
thogerx Sphaerostilbe repens have r'cvealcd interesting 
features which arc briefly described and discussed.) 
Rao, V.S., Sarmah, S.N. and Kotoky, B. 1979. Effect 
of Paraquat-MSMA and Paraquat-Oxyfluorfen Mix- 
tures on the Control of Perennial Grasses in Tea. Proc. 
Gonf Indian Soc. Weed Sci. held in January 1979 at 
Parbhani, Maharashtra, PP. 61. 

(Abs. Several pot and field experiments were con- 
ducted to study the effect of tank mixing of MSMA 
(Monosodium methanearsonatc) at 0.50 and 1.0 kg/ 
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ha or oxylluorfen (RH-2915) (2-chloro-l-(3-clhoxv- 
4-nitrophenoxyl)-4-(lrifluoroniclliyl) ben/cne) at 0.38 
and 0.75 kg/ha with paraquat at 0.15 and 0.30 kg/ha 
on the control of Paspalurn conjugaturru Setaria palmifolia, 
and Cynodon dactylon, the very persistent perennial grass 
weeds in tea. 

When paraquat (0.15 kg/ha) —MSMA (0.50 kg/ha) 
mixture was ap])lied at postcniergence on Pasp.ilum re- 
growth was considerably delayed and the final weed con- 
trol was significantly superior to that when pararjuat was 
applied alone. Similar results were also obtained when 
paraquat (0.15 kg/ha) and oxyfluorfen (0.75 kg; ha; were 
tank mixed and sprayed on Setaria. While neither MS- 
MA nor oxylliiorlen alone had any affect on Cynodoth they 
showed mo lerate activity on Paspahim and Setaria resj)ec- 
tively. As tlie efl'cct of paratiual-oxyfluorfen combina- 
tion is significantly higher than the combined elfect of 
each ol' them applied alone, tliese two herl)i('id(‘s are 
possilily acting' synergistically). 

Singh, Bhupal 1978. Drainage ( Iharactcristics of Lay- 
ered soils. ,\ paper presented at the Assam Science So- 
ciety Symposium on '4 lariu\ssing the River llralntiapn- 
tra'\ 25lh to 2()th Nov. 78 (jauhali, Assam. 

(Abs. Most soils in need of drainage can be regarded 
as composed of at least two lay(‘r.s an upper layer of 
relatively high permealtility ovi‘r lying a more consoli- 
dated and less permeable layer. A mothd ex{)eriment 
was carried out at the University ol' N(‘vv Uasile upon 
'Tyne. Lngland to study the drainage characteristics 
of sucli soils. It was ol^scr ved that vvlure a permeable 
soil layer overlies a k'ss permeable one there is a con- 
siderable amount of horizontal How ol’ water in the top 
lay(‘r, and tnore the rate of rainfall exceeded the rai(! 
of infiltration, the more shallow disc harge there was. 
rite drainage of two-lower soil system was found to 
be a two stage process i.e. the permeable top layer 
drained first and then the' sub-soil. A finite (dement 
method was used to generalise the experimental results 
for the u.se under field conditions). 

Basil, S.D. 1979. Clontrol of Meloidogyne incognita (Ko- 
foid and White) Uhitwood on tea seedlings with some 
systemic nematicides. Proceedings of Second All India 
Nematology Symposium at Bhubaneswar, Orissa on 21st 
and 22nd March (in press). 

(Abs. Infield trials using Aldiearb, Uarbofiiran, Pho- 
ratc and Mocap for palliative control of Mcloidogyne 
incognita (Kofoid and Wliite) Uhilwood on tea seed- 
lings, Aldiearb at I g and 0.5 g., and Carbofuran 
at Ig and two split application of 1 g per plant helped 
significantly increase in shoot height and in number 
of transplantable plants). 

Rahman, F. and Nandi, N.G. 1978. Effect of phosphate, 
mulching and chemical weed control on yield of tea. 


Pioc. ls( Sym|)osiuin on Planlalion Crop, Kotlayani, 
Kerala, (in pirss). 

(Abs. No treatment elfects were observinl in the first 
(wo years. Bm in the next three ye irs mulch ami her- 
Incides treatments gave significantly higher yield than 
no tnuleh and iiK ehanical wee.ling tri'atments. rinue 
was no response to phosphate apjilication npto 200 
k.g 1 2^ ^5 ka. .Mulch X W(‘ed control interaction w'a.s 
significant and mulching increas(‘d yield in mechani- 
cally W(‘eded phits but not in herbicides trixited plots). 

Singh, 1.1). and Be/haruah, 11. P. 1978. Collection of 
tea genetic resources problems and proee lun‘s Proc. 
Natl. Symp. Plant and Animal (Jenetie Resources. 
D<‘c. 28-30, \ew' Delhi, (in pri'ss). 

(.\bs. rh(‘ ne(‘d of preserving tea germj)lasm due to 
many laetors lik(‘ uprooting of oldi'r sections of tea gar- 
dcuis, se(‘d liaiis and abandoiu’d plantations in N.l'k 
India and danger ol nariowing tin* genelie base* lea 
p(»pulations is dis( iissed. 1 he origin ol I(m forms and 
possihk* areas o| ( ollei ting ti‘a germplasm are explainrtl, 

I he 1 )isii iet Si' lection Scheme as inil iat(‘d by t In* I'oek- 
lai I'Ajiet iiiH'nlal Station as an approach to pres(‘rve tea 
germplasm is outlined. I‘he seh'ction criteria used and 
tin* pn senl aehiev<‘!n('tits of tin* sehenu* are pres(‘nted. 

I h(‘ lulmi' eolleelion strat<‘gies regarding eolh'elion, 
(*valuation and maintenain'i* of tea germplasm are outlined* 
1 he ne(*d ol (*stahlishing (iatneUia sanctuary at more than 
one |)lae<* in India is sugg(;sled), 

Singh, Bhupal and ).R. O'Callaghan 1978. iJh'i't of 
Interllow on Soil Drainage J. Agrii . laigng. R('s., 23, 
397- n:>. 

(,\bs. \ sand tank slirdy was carried out to e()mj)arc 

the p<*rlorrnariee ol dillerent drainge configurations on 
the rate of removal of water in the st(*ady state and on the 
rate ol draw-down of the water tabh* in the noir-steady 
state. .\ shallow layer of high permeability overlying 
a deep layi'r of lower p(*rrn(*ability was irsed to (‘ncour- 
ag(‘ interflow. A finite element solution was used U> 
examine the ell(*cts of diir(*rent drain spacings and ra- 
tios ol soil permeabilities on drain performance*, under 
field (onditions). 

Singh, Bhupal and J.R. O’Callaghan 1978. Non 
Steady Drainage* in a Layered Soil. .}. Agric. Engng. Res., 
23, 417-427. 

(Abs. A sand tank study was carried out to compare 
the performance of different drainage to configurations 
both on the rate of removal of water and on the rat<‘ 
of draw-down of the water table in a layered soilwliere 
a permeable layer was overlying a less p6rrncablc sub- 
soil. Narrowly .spaced shallow drains irt‘ Combination 
with a widely spaced deep drain wasthctriiSst effective 
combination). 
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Tocklai Experimental Station 


Singli, I.D. 107B. Production of quality seed in papaya. 
Seeds & Farms 6 (2). 

(AIjs. 'I he methods of seed j)roduclion in dioecious 
and gynodioecious varieties of papaya have been su- 
ggested for cjuality seed production. 'The techniques 
of seed extraction, cleaning, drying anrl storage along 
with seed standards have been discussed. Hints tor 
raising yields of fresh fruits and seed given). 

Singli, I.l)., .Sirohi, S.O. and Ranjeet 197B. 

I. Collection and evaluation of papaya germ- 
plasm in Nainital ten.i ol U.P. 

II. P(‘rlbrmance of promising papaya varieties in 
Nainital terai of U.P. 

HI. Improvement of papaya by sel(‘ction and hybri- 
dization. 

IV. Sex expression studies in papaya. 

V. Screening of papaya germplasm for papain, 
'lechnical l)(K'ument — All India co-ordinated 
Fruit Improv. Project Workshop on Banana, 
Papaya and Pineapple, IHRI, Hi.ssarghatta, 
Bangalon*, July 24-2b. 

Singh, R.M. and Singh, I.l). 1979. Note on genotypic 
response to seed size in papaya ( Carica papaya L ). Seed 
Research 7::^7-'lO. 

(Abs. (ienotypic diHerences were found with respect 
to seed size and seedling vigour. I’he lOOO seed weight 
was found to be an important parameter in screening 
breeding materials for superior quality seed of papaya). 

Singli, I.l), 1978. Breeding approaches for the impro- 
v< ment of dioecious plants. Proe Inti. Clonf. Cytogen & 
Crop Improv, March 3-(i, B.H.U., Varanasi, (in press). 

(Abs. I he distribution ot dioecious plant species in 
tin* plant kingdom, the genetic significance of dioecism, 
methods of breeding to be used for the improvement 
of di(K'cious plants and the work done so far for the 
impro\einent ol papaya are high lighted). 

Singh, I.l). and Ranjeet 1978. .\ note on methods of 

seed cleaning and drying on seed germination in papaya. 
Pant. J. Res. (In press). 

(.Abs. In series ol greenhouse and field experiments 
it was lound that sundried seeds had higher germina- 
tion than the freshly extracted seeds. Of the two me- 
thods ol seed drying shade dried seeds had significantly 
higher germination than the sun dried. Of the three 
cleaning agents used for removing the sarcotesla layer 
of the seed followed by drying the seed in shade, saw 
dust gave maximum germination followed by wood 
ash and cow unrre. 


'I’hc cleaned and shade dried seeds had higher rate as 
well as per cent germination than the unclcaned and 
sun dired seeds). 

Singh, I.D. and Ranjeet 1978. A note on the estima- 
tion ol pollen production by different cultivars of papaya. 
Pant. j. Res. (in press). 

(Abs. Papaya cultivars diflered significantly in their 
ability to produce pollen grains. Of the 7 cultivars 
studied accession (f.I). Naidu-1 produced largest num- 
ber of pollen grains/anolher (23, 750) and differed 
significantly from the rest. Berwani Red was next and 
differed .significantly from Honey Dew, Coorg Honey 
Dew and Peradeniya. Fhe cultivars Washington and 
Co. 1 were at par with each other. 'Fhe results indi- 
cated the need of different proportion of staminate to 
pistillate plants in dioecious populations of papaya for 
satisfactory pollination, fruit and .seed development). 

Singh, I.l)., Ranjeet and Sirohi, S.(f 1978, Flower- 
ing and pollination studies in Carica papaya L. Pant 
J. Res. (in press). 

(.Abs. I’he floral morphology and biology of varioius. 
sex forms of papaya with resj>ect to size of the bud 
I(‘ngth of peduncles, no of buds per inflorsscencc, dry 
weight of the matun* buds, time of anthesis and anther 
dehiscence, viability of pollen grains and receptivity 
of the stigma have b(‘en studied and possible uses of 
above informations in papaya breeding have been 
di.scus.sed). 

Khadi, B.M. »S: Singh I.D. 1978. Estimates of varia- 
bility, hcritability and genetic advance in papays 
{Carica Papaya L ). Plant. I,. Res. (in press). 

(Abs. A wide range of phenotypic variation in most 
of” th(‘ studied characters w'as observed. I'he pheno- 
typic co-efiicient of variability (PCV) for all (he cha- 
racters were higher than the genotypic co-eflicierit of 
variability (GCV). High CX'.V and hcritability (broad 
sen.se) w'cre observed for fruit yield/plant, fruits/ 
plants, fresh and dry seed WTight/fruit, seeds/fruit, 
leaf area/plant, peduncle length, fruit volume and 
weight/fruit and thus indicating the possibilities of 
efiective and eflicient exploitation of the variability 
for bringing improvement in these traits. 

High hcritability coupled with high genetic advance 
W'as estimated for leaf area/plant, peduncle lenght, fruit/ 
plant, fruit volume, fruiting length, fresh and dry .seed 
weight/fruit, sceds/fruit and fruit yield/plant which in- 
dicated the presence of additive gene efTects and thus 
the possibility of easy fixation by selection in the early 
generations) . 
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tCliacli, B.M. and Siiiirh, l.D. 1978. Path analysis for 
ruit yield, fruit quality and plant stature in papaya 
[CMrica papaya L) Pant. J. Res. (in press). 

(Abs. Path analysis to study the direct and indirect 
eirecls of difrerent characters on fruit yield, fruit (|ua- 
lity and plant height n'vealed that fruit yield can he 
improved by selecting for nioia* number of fruit plant 
and weight per fruit. Fruiting length and number 
ol' fruits per plant should be ('onsidered for bringing 
improvement in the moderate plant height. Since the 
above charact(‘rs have more direct effect on the impo- 
rtant economic characters, more weightage should be 
placed on these characteis while selecting a plant fbr 
more fruit yield, good fruit (juality and model ate plant 
height j. 


i()r> 

Khadi, . B.M. anti Singh, 1.1). 1978. Seli ction indices 

in |)apaya {(an i( a papaya I.). Pant ). Res. (in pre.ss] . 

(Abs. 1 h(‘ most efficient selet tion index for fruit yield 
in papaya was one which comprised of plant height, 
number of Iruits/piant, weight fruit, fruiting length, 
total soluble solids and fresli strd wi'ight /fruit. The 
selection indt x lor fi uit tjuality, measurt'd as total solu- 
ble solitls comprised of numiK'r of fruits/plant, weight/ 
fi uit. fi uit volume, width of tlu* t entral c avity of fruit, 
fi'esh setd weight/fiuit and number of si^eds/fruit. The 
.selection index for |)lant he ight t omprised of height 
at first fruiting, h'af ar(‘a/plant, stt iu girth, number of 
fruits plant, fiuiting length and fruit yield/plant. 

'J hes(‘ seli'ction indices can be used to get maximum 
genetic advances over straight selection for respective 
economic traits). 
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SUMMARY OF METEOROLOGICAL OBSERVATIONS DURING 1978 
Table 1. Tocklai Experimental Station 


l)aily t<'rn|)<‘ratMr(‘ 


M<*fiths 

M.-ati 

Mean 

Mean 

Highest 

ld7M 

Max. 

Miti. 


Max. 

January 

2 1 . .'■) 

0. 1 

14.4 

24. 1 


(22. :i) 

(0.4) 

(14. a) 


l''<briiary 

21. '2 

12.1 

ia .2 

2a . 2 


(24.1) 

(11.0) 

(la.o) 


Maf < h 

2a . '•) 

11.4 

21 .4 

40. (. 


(27.».) 

(1.4. .4) 

(21.t.) 


April 

2‘).‘) 

10. 1 

21 . 4 

4 1 . 4 


( 2 a. b) 

(10.0) 

(24. a) 


May 

40. n 

22.7 

2().a 

:5(i.O 


(2<).‘)) 

(21. a) 

(24. a) 


Juru* 

:n .a 

24.7 

2 a. 2 

44 . 4 


(41., 4) 

(24.1) 

(27. a) 


J>*iy 

41 .a 

21. a 

2 a. 4 

44 . 2 


(42.2) 

(24.0) 

(2a. 4) 


Atigusl 

42,0 

24.4 

20 . 2 

4(,. 1 


(42.0) 

(21.0) 

( 2 a, 4) 


Septeiriher 

41. (. 

24.4 

2 a. 0 

44 . 1 


(41.2) 

(24.‘») 

(27,(.) 


Orlohrr 

41.1 

22.0 

2(..0 

44.4 


(20.4) 

(21.0) 

(24.2) 


NfweinlKT 

24.1 

Ki.l) 

21.0 

40. a 


(2t. 4) 

(14 4) 

(20. a) 


December 

21.1 

0.7 

17.0 

2 4. a 


(24.4) 

(!().(,) 

(17.0) 




I.ongilude ‘ 

14012' K 



Rainfall 

(mill) 

Daily 

I.owe.sl 

Monlhlv 

Rainy 

sunshine 

Min. 

total 

(lavs 

his. 

4.2 

4.7 

t) 

().4 


(21.0) 

('■>) 

(4.0) 

a. 4 

12.7 

4 

7.1 


(.42.2) 

(7) 

(0.2) 

10.0 

(»2.4 

7 

7.0 


(70.2) 

(II) 

(0.7) 

14.0 

14.1 

II 

a . .4 


(lot). 4) 

(17) 

(4.0) 

10 0 

147.4 

20 

4.0 


(2a4.l) 

(20) 

(4.0) 

22.7 

414.2 

‘>4 

4.4 


(420.0) 

(24) 

(1.4) 

20. t» 

.44a. 1 

24 

4 . 4 


(4ai.2) 

(24) 

(4.7) 

24.4 

2t)a.(i 

24 

t>.4 


(4 14. a) 

(24) 

(4.1) 

22.0 

140.7 

10 

4.4 


(244.1) 

(10) 

(4.1) 

la.tt 

40.0 

a 

7.4 


(iia.7) 

(12) 

(4.(.) 

12.4 

74.0 

7 

4.0 


(27.4) 

(1) 

(0.1) 

7.0 

0.0 

0 

7.4 


(11.2) 

0 ) 

(ti.O) 


Altitude m (a.rn.s 1.) 


Daily Soil I’eni]), 


Mnnthly 

evapr)- 

“C: (iindi 

■r grass) 


ration (nun) 


1 )epth 


Open 

Pen- 

4 cm 

14 cm 

.40 cm 

pan 

man 

17.0 

17.2 

r.o 

44.1 

ti(».4 

(18.4) 

(18.2) 

(18.9) 

(40,0) 

(02.2) 

10.8 

10.4 

10.8 

40.7 

83.4 

(20.4) 

(10.8) 

(20.2) 

(47.4) 

(84.0) 

24 . 1 

22. f) 

22.0 

88.7 

144.7 

(24.0) 

(24.1) 

(24.1) 

(07.0) 

(120.4) 

2ti.H 

2(>.2 

24.8 

107.7 

It', 4.1 

(2t;.7) 

(24,8) 

(24.0) 

(100.2) 

(141.4) 

28.0 

28.4 

28.2 

80.0 

1.44.2 

(28.1,) 

(27.8) 

(27.0) 

(118.1) 

(144.2) 

40. t; 

20.0 

20.8 

8.4.8 

141.70 

(40.(,) 

(20.7) 

(20.4) 

(107.1) 

(148.0) 

.40.1 

40. I 

40.1 

84.4 

Itil.t) 

(41.4) 

(4(),(,) 

(4().(,) (111.0) 

(144.0) 

41.8 

41.4 

41.2 

00. 1 

174.0 

(41.4) 

(40.(,) 

(.40.(,) 

(102.4) 

(141.1) 

:-:o 7 

40.1, 

40.0 

77.1 

128.4 

(.40.8) 

(40 2} 

(40 2) 

(80.8) 

(I4(i,2) 

2<).0 

28.8 

28.8 

74.4 

140.4 

(28.4) 

(28.1) 

(28.4) 

(71.71 

(110.8) 

2.4, (i 

24.8 

24.4 

47.8' 

72.1 

(21 0) * 

(24.7) 

(24.0) 

(40.0) 

(82.2) 

10 0 

10.2 

20.1 

34.4 

t,2.t) 

(10 7) 

(10. f,) 

(20.0) 

(47.4) 

(01.4) 


PER CENT RELATIVE HUMIDUY 
Table 1 (a). 


Hours 

1ST 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

S^pt. 

Oct. 

Nov. 

Dec. 

0613 

1313 

04 

(90) 

56 

(57) 

92 

(94) 

49 

(54) 

89 

(91) 

43 

(44) 

8ft 

(91) 

44 

(63) 

89 

(92) 

66 

(71) 

9? 

(93) 

74 

(75) 

92 

(93) 

74 

(74) 

92 

(^4) 

70 

(75) 

93 

(97) 

72 

(71) 

95 

(96) 

64 

(72) 

97 

(96) 

70 

(64) 

97 

(96) 

46 

(60) 


Notes I (i) Data in brackets show picvious averages. 

(it) Soil temp, at different depths are the mean of morning and afternoon records. 

(iii) Penman in mm meant penman estimation of evaporation from an open pen water surface. 
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SUMMARY OF METEOROLOGICAL OBSERVATIONS DURING 1973 


Table 2. Silcoorie (Cachar) 


Latitude 24^50 

' N 





Longitiule 

92^48' K 


.Mtitude 

3<D, m ( 

a.m.s.l.) 



Daily temperature 

‘C 


Raini'all (mm) 


1 )aily Soil I'rmp. 

M(,nlhly e\apo- 



-■ -- 

- - - 

— 



- 


•Kl (under grass) 

rali(,n 

(mm) 









Daily 



- - 

Months 

Mean 

Mean 

Mean 

Highest 

I.OWC'St 

Monthly 

Rainy 

simshiiK* 

De|)lh 

OpcMl 

Pen- 

1978 

Max. 

Min. 


Max. 

Min. 

total 

days 

his. 


pan 

man 










5 ( in 15 cm 30 i m 



January 

2:L() 

9.4 

10.5 

20.7 

7.7 

0.0 

0 

8.3 

19.1 

5 1 . 5 

71.(> 


(2.a.8) 

(10,9) 

(18.4) 



(17.3) 

(2) 

(8.0) 

(21.2) 

(01.7) 

(78.7) 

F(‘l)niary 

28.0 

12.1 

20.0 

33.1 

9.3 

2.1 

1 

9.0 

23.t, .* .■* 

(,0.3 

I0(>.0 


(27.5) 

(12.9) 

(20.2) 



(.50.8) 

(0 

(8.2) 

(23.2) 

(79.9) 

(102.5) 

March 

31.0 

15.1 

23.2 

33.0 

10. (i 

80. () 

7 

8.1, 

27.4 ;• 

82 . 3 

1 53 . 4 


(30.7) 

(10.0) 

(23.0) 



(lot,. 5) 

(') 

(8.1) 

(27.0) 

(117.0) 

(117.0) 

April 

32.2 

20.4 

20 . 3 

35.8 

17.7 

237.0 

13 

8.(, 

29,2 

85. 1 

171.1) 


(31.0) 

(20.4) 

(2(..0) 



(280.8) 

(1.5) 

(8.0) 

(29,1) 

(111.9) 

(1(,0. 1) 

May 

30.3 

22.3 

20.3 

35.9 

20.4 

157.0 

25 

5 . 3 

29 2 .* .' 

( ,5 . 7 

15.11 


(31.7) 

(22.7) 

(27.2) 



(393.3) 

(19) 

(0.5) 

(30,1) 

(123,7) 

(I7I..S) 

June 

30.9 

21.0 

27.4 

34.1 

21.7 

t;i8.i, 

21 

4.0 

30.1 

(, l .0 

I:t7.i, 


(31.4) 

(24.4) 

(27.9) 



(009.5) 

(21) 

(1.2) 

(30.1,) 

(102,3) 

(1 IV,) 

Jnly 

31.7 

23.9 

27.8 

34.9 

22 . 1 

.5t,5.8 

21 

5.1 

31.7 2 2 

85 . ( , 

K I'J . 11 


(32.0) 

(21.9) 

(28.4) 



(527.1) 

(27) 

(1,4) 

(31.3) 

(97.3) 


August 

33.2 

21.5 

28.8 

3().9 

22.2 

3(,5.(, 

17 

7.1 

32, (, 2 2 

9 .5 , .5 

I7‘,,l) 


(32.2) 

(21.8) 

(28.5) 



(131.0) 

(25) 

(1.9) 

(31.1) 

(I,,:,.',) 


September 

31 .4 

23.4 

27. 1 

33.9 

21.0 

385.8 

18 

.5 . 2 

3 1 . 2 2 

71, . 5 

137.7 


(32.3) 

(21.1) 

(28.4) 



(331.7) 

(18) 

(5.8) 

(31.2) 

(im.7) 

(I 17.5) 

Oetol)er 

31 .9 

22 . 3 

27.1 

31.4 

20.2 

72.8 

7 

(,.9 

29.0 2 2 

79.4 

1 32 5 


(31.3) 

(22.4) 

(20.8) 



(201.1) 

(II) 

((,.7) 

(29. t,) 

(I1I..L') 

(132,7) 

Nov(‘ml)er 

29 . 4 

18. 0 

23.7 

32.4 


59.7 

7 

7.8 

2(,.2 2 2 

(,1.7 

102 .8 


(29.2) 

(17.4) 

(23.3) 



(37.0) 

(1) 

(7.7) 

(20.1) 

(08.7) 

(100.0) 

December 

27.5 


0 

30.4 

,» 

0.0 

0 

8.8 

22 . 3 2 2 

(,2 . 1 



(20.7) 

(!2.'4) 

(19.'0) 



(10.0) 

(1) 

(8.0) 

(22.5) 

((,0.1) 

(78.9) 


PER CENT RELATIVE HUMIDITY 
Table 2(a). Silcoorie 


Hours 

IST 

Jan. 

F«b. 

March 

April 

May 

June 

Jnly 

Aug. 

Sep. 

On. 

Nov. 

Dec. 

0019 

1319 

95 

(98) 

49 

(47) 

93 

(97) 

.38 

(43) 

91 

(94) 

35 

(44) 

91 

(91) 

54 

(58) 

95 

(91) 

71 

(08) 

(95) 

80 

(70) 

9() 

(90) 

75 

(70) 

‘14 

(90) 

(,7 

(74) 

‘Ki 

(‘45) 

73 

(71) 

94 

(90) 

(iO 

(08) 

90 

(97) 

59 

(57) 

94 

(98) 

45 

(50) 


(i) Da’ a in brackets show previous avcrat?es. 

(ii) Soil temp, at cJifTerent depths are the mean of rnorninf? and afternoon reconls. 

(iii) Penman in mm means Penman estimation of evaporation from an ojjcn pan water surfac* . 

(iv) ? ndicates data not available. 



Tocklai Experimental Station 


lOH 


SUMMARY OF METEOROLOGICAL OBSERVATIONS DURING 1978 
Tabic 3. Nagrakata (Door*), West Bengal 


Latifiidr 


Daily t( iiifx ra'iirc ^*(1 


Monliis 

l‘17M 

Jamiaiy 
F(’l)i iiai y 
Mai( )i 
April 
May 
Juiu* 

J''iy 

August 
Srptniibf'r 
( )ctobrr 
Novcinhcr 
December 


Mean 

Mean 

Mean 

1 1 ighesi 

Max. 

Min. 


Max. 

21 .!> 

10.4 

1(,.2 

2-1 . 4 

(24.0) 

(10.5) 

(17.0) 


21 . 7 

12. 1 

18.1 

41.7 

(25.4) 

(12.8) 

(19.1) 


20.(1 

15.2 

22.4 

42.7 

(29.5) 

(10.1) 

(24.0) 


41.4 

10. () 

25.5 

45 . 4 

(40.0) 

(20.0) 

(25.4) 


40.1 

22.2 

2().4 

45. <) 

(30.0) 

(2 Id,) 

(20.1) 


41.4 

24.8 

27. (, 

44.0 

(::o.4) 

(24.4) 

(2(,,8) 


40.(1 

21.0 

27.4 

44.5 

(30.4) 

(24.8) 

(27.1) 


42 . 5 

21.4 

28.1 

4(,.7 

(40.7) 

(23.7) 

(27.2) 


40.7 

24.4 

27.0 

44. t, 

(.40.0) 

(22.8) 

(20.7) 


40.7 

20.2 

25.1 

42.(1 

(20.8) 

(10.0) 

(24.7) 


2<). 1 

l(i.7 

21.1 

20.0 

(27.1) 

(14.8) 

(21.1) 


25.0 

11.4 

18.2 

27. () 

(24.8) 

(11.0) 

(18.2) 



I-ongilude !•’ 

Kainlall (mm) 


Lowes! Monihly Rainy 

Min. total days 


(>.(> 


15.7 
10. <) 
20 . » 
22 . H 
22 . 1 
21.0 

17.1 

11.1 

0.7 


5.1 


(2) 

. -V 

H) 

(^) 


l.H 

(2.5.4) 
24.2 

(47.4) 
117.4 

(114.0) 

127.0 

(407.4) 

looH.a 

(HH2.7) 
754.8 
(1041 .0) 


4.54. (i 
(77. 


100.7 

(554 


104.1 
(221.5) 

150.2 

0.2 

(4.4) 


( 11 ) 

24 

m 

27 

( 20 ) 

27 

(27) 

17 

(27) 

21 

( 21 ) 

7 

( 11 ) 

10 

(3) 

1 

( 1 ) 


Daily 

snn.shini 

Ills. 


7.4 

(7.0) 

7.4 

(7.4) 
8.2 

(7.7) 

7.7 

(0.0) 

4.8 

(3.0) 

4.0 

(3.4) 
5.7 

(4.1) 

4.5 
(^>. 1 ) 

8.1 
(7.7) 
0.2 

(8.5) 
0.0 
(8.3) 


Daily Soil I'emp. 

1 (under gra.ss) 

Depth 

5 cm 15 cm 40 cm 


Monthly evapt- 
ration (mm) 


Open 

pan 


Pen- 

man 


17.2 

(1H.2) 

10.4 

( 20 . 2 ) 

24.0 

(24.0) 

27.4 

(27.0) 

27.4 
(28.2) 

20. 1 

(28.5) 

28.4 
(28 8) 
40. (> 

( 20 . 0 ) 
20.0 
(28.8) 
27.7 
( 20 . 8 ) 

24.5 

( 22 . 8 ) 

10.0 

(10.5) , 


17.0 

( 10 . 0 ) 

19.8 

( 20 . 0 ) 

24.0 

(24.8) 

27.0 
(27.0) 

28.4 

(27.0) 

28.8 

(28.0) 

29.2 
(28.4) 

41.4 
(28.0) 

41.0 
(28.0) 

40.4 

(27.2) 

24.0 

(24.2) 

19.2 

(19.9) 


18.8 

(19.0) 
20.2 

( 20 . 0 ) 

24.4 

(24.8) 
20.2 
(20.0) 
28.2 

(27.8) 

20.4 

(28.4) 
29.0 

(28.8) 

40.4 
(28.8) 

29.4 
(28.7) 

28.4 

(27.4) 

21.8 

(24.2) 

20.8 

( 21 . 1 ) 


58. 1 
(75.4) 

77.1 

(94.8) 
14^i.4 

(158.4) 

168.4 

(100.4) 

124.0 

(154.4) 

105.0 

(109.4) 

112.7 
(107.0) 

128.4 
(100.7) 

85.0 

(100.4) 

101.8 

(107.4) 
04.9 
(85.2) 

01.1 

(73.9) 


08.4 

(70.2) 

01.5 

(94.5) 

14().0 

144.4 

108.4 

( 101 . 0 ) 

151.5 
(174.7) 

145.0 
(147 2) 

142.(i 
(144. 8> 

102.0 
(14().0) 

124.0 
(130. 1> 

148.2 
(140. 1> 

84.8 

(95.4) 

75.5 

(72.5) 


Hours LS I' Jan. 
0034 


1444 


8 () 

(85) 

52 

(51) 

Notes : 


* MUMIDITY 

Table 3(a). Nagrakat (Dooars), West Bengal 


Feb. 

March 

April 

May 

June 

.July 

.August 

Sop. 

Oct. 

Nov. 

82 

(81) 

4(, 

(48) 

72 

(74) 

44 

(44) 

74 

(77) 

48 

(54) 

W 

(88) 

70 

(09) 

94 

(95) 

74 

(82) 

94 

(Ob) 

78 

(84) 

91 

(95) 

74 

(81) 

95 

(95) 

80 

(77) 

87 

(89) 

61 

(67) 

92 

(85) 

04 

(57) 


(i) Data in brackets show previous averages. 

I !i‘} «hc mean of morning and afternoon records 

(ill) Penman in mm means Penman estimation nf fvji rwsratirvn 


Dec. 

87 

(80) 

50 

(54) 


Penman estimation of evaporation from an open pan water surface. 
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SUMMARY OF METEOROLOGICAL OBSERVATIONS DURING 1978 
Table. 4. Nagri Farm (Darjeeling), Weat Bengal 


Latitude 26®5.‘> 

' N 





[.ongitude 88ttl2 ' F 




Daily temperature 0(’ 


Rainfall (luiu) 

Daily 

Montis 

Mean 

Mean 

Mean 

I lighest 

Lowt'st 

Monthly 

Rainy 

sun.shii 

1978 

Max. 

Min. 


Max. 

Min. 

total 

days 

Ins. 

january 

i:l4 

<).7 

10.0 

16.8 

8.9 

19.7 

3 

3.0 

February 

(1x0) 
16. 2 

(7.8) 

8.8 

(11.4) 

12.3 

28.8 

6.3 

(18.7) 

17.0 

.3 

(6 0) 

3.7 

March 

(16.8) 
21 8 

(9.3) 

12.2 

(18.2) 

17.0 

24.6 

7.0 

(19.9) 

8t).4 

(J) 

8 

(.3,9) 

8.0 

Aoril 

(21.3) 

28.3 

(13.2) 

13.7 

(17.4) 
19. () 

27.1 

12.1 

(47.8) 

22.7 

0) 

7 

(6.9) 

ti.7 

May 

(28.3) 

28.7 

(13 8) 
17.0 

(19.6) 
20 . 1 

28.3 

1 l.t. 

(10(k3) 

280.8 

(II) 

19 

(3.6) 

8.8 

June 

July 

August 

(23.8) 

21.2 

(17.0) 

18.9 

(20.8) 
21. (» 

2(). 1 

Hi. 7 

(196.8) 

I2().8 

(20) 

28 

(3.1) 

2.6 

(24.0) 

24.1 

(18.7) 

19.0 

(21,1) 
21 .(i 

27.6 

17.8 

(881 8) 
867,1) 

(23) 

29 

(2.9) 

2.9 

(24.8) 

23.9 

(19.8) 

20.0 

(21 8) 
28.0 

80 . 8 

18.0 

(tilt) ()) 
888,8 

(27) 

19 

(2.8) 

.3.7 

September 

(21.7) 

28.8 

(21.4) 

(19.1) 
18 4 

(18.2) 

(21.8) 
21.1 
(21 8) 

2(..7 

17.0 

(878.6) 

277.0 

(823.1) 

(23) 

22 

(20) 

(8.2) 

8.8 

(8.9) 

October 

28.4 

Hi (» 

20 0 

23.7 

11.0 

88.0 

7 

7.8 

November 

(28.2) 

18.9 

(20.3) 

(13.7) 

12.1 

(12.0) 

(19.1) 
13.5 
(16 2) 

21.0 

8.1 

(129.2) 

14.9 

(12.1) 

(«) 

8 

in 

(6.3) 

8.8 

(7.1) 

17ef ember 

18.0 

10.1 

11.0 

22 . 3 

7.<> 

1 .6 


8.4 


(17.4) 

(9.2) 

(13.8) 



(5.1) 

(1) 

(6.7) 


Altittjdr lir)tt.2 m (a.m.s.l.)f 


Daily Soil I’riHp. Monthly rvapt). 

^(1 (iMulcr Harass) ration (nun) 



Depth 

( )(>rn 

Pen- 




pan 

man 

.3 < in 

13 em 

80 fin 



11.1 

10.2 

12.3 

8.3.8 

.30,9 

(18.1) 

(12.1) 

(11.0) 

(18 8) 

(.36.8) 

18. t) 

12.0 

18.6 

87.7 

ti7.9 

(14.8) 

(18.8) 

(18.3) 

(31,0) 

(78.8 V 

17.8 

H>.0 

17.2 

103.8 

128.2 

(19.8) 

(17.2) 

(17.8) (109.7) 

(129. 7V 

20.8 

18.4 

19.0 

98.2 

187.8 

(21.8) 

(20.0) 

(20.8) 

(107.7) 

(I82.3)- 

28.2 

21 .ti 

22.2 

t)8 2 

1 19.8 

(28 8) 

(21.7) 

(22.0) 

(81.7) 

(183.8)> 

28 8 

28.0 

28.8 

31 ». .3 

112.8 

(28.8) 

(22 9) 

(28.2) 

(.39.8) 

(117,1)' 

28 8 

28.1 

24.0 

.39.7 

lHi..3 

(28.8) 

(28.8) 

(28.8) 

(61.8) 

(118.0). 

2t».8 

24. ti 

23. t> 

97. 3 

187.0 

(23.2) 

(28.6) 

(28,2) 

0>3.8) 

(118.3) 

28.8 

28.1 

24 . 8 

102.9 

100.0 

(21.8) 

(22.8) 

(28.7) 

(tit). 6) 

(104.9)' 

28.1 

21 .(i 

28.8 

79.7 

1 10. R 

(22.2) 

(20.8) 

(22.0) 

(69.2) 

(103.7) 

17.9 

17.3 

18.8 

42.4 

64.4 

(18.2) 

(17.1) 

(18.8) 

(.3(i.9) 

(77.0) 

13.t) 

M.2 

13.2 

.36.4 

64.9 

(14.6) 

(18.6) 

(15.6) 

(48.4) 

(37.9) 


PER CENT RELATIVE HUMIDITY 
Table 4(a). Nagri Farm (Darjeeling), Weat Bengal 


Hours 1ST 

Jan. 

Feb. 

March 

April 

May 

June 

July 

Aug. 

•Sept. 

Oet. 

70 

(77) 

72 

(79) 

; 1 

~ . (Ti S'r- ^ ! 

Dec. 

60 

(69) 
39 

(70) 

0687 

1337 

71 

(71) 

71 

(72) 

75 

(70) 

73 

(fiS) 

58 

(62) 

39 

(57) 

f>8 

(69) 

67 

(67) 

84 

(82) 

82 

(83) 

92 

(92) 

87 

(89) 

92 

(94) 

87 

(89) 

83 

(93) 

78 

(86) 

89 

(89) 

82 

(86) 


Notes: (i) Data in brackets show previous averages. , . ^ ^ , 

(ii ) Soil temp, at diflerent depths are the mean of morning and afternoon records. 

(iii) Penman in mm means Penman estimation of evaporation from an open pan water surface. 
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1 OCKLAI ExPtRlMANTEL StAUON 


SUMMARY OF METEOROLOGICAL OBSERVATIONS DURING 1978 
Thakurbari (North Bank of Brahmaputra), Assam 


Table 5. 


Latitude 

2G' 4 N 




I,ongitu(l<' 02012'4.5" ]• 



Altitude 

02.15 m ( 

mn.s.l.) 










Daily Soil n-mp. 


Monthly evapo- 



1 )ailv U'lupcr.Uiirc ^’(1 


kainlall 

(mni) 


(unde 

r grass) 


ratioM 

nini ) 




^ . 





Daily 

■ 

- 

-- -- - 





Months 

M.aii 

Mean 

Mean 

1 li'f'riest 

I.t)\vc.sl 

Monthly 

Kainy 

Ml ivhine 


1 )eplh 


Open 

15 11- 

l‘)7H 

Max. 

.Mia. 


M.iv. 

Miu. 

tola! 

rlays 

hr.s. 

— 



[)an 

man 










5 cm 

l.j ( in 

40 cm 


January 

24.:) 

(..0 

15.2 

20.2 

4.8 

0.0 

0 

7.8 



j> 

10.0 

t.2.1 

(2:l9) 

(H.O) 

(Ki.l) 



(20.1) 

(1) 

(7.G) 





(01. 0) 

F -Ijniarv 


10.2 

17.0 

41.2 

(i.l 

1.8 

) 

7.4 




t)1.2 

07.7 


(2i>.4) 

(11.0) 

(10.1) 



(12.0) 

C^) 

(7.1) 




(70.2) 

( 188.0) 

March 

40.. 4 

1().2 

24.1 

44.1 

12.1 

.54.1 

5 

8.0 

,» 

') 


144.1 

(iri.i.) 


(40.2) 

(la.l) 

(22.8) 



(10.0) 

ro 

(7.7) 




(1 10.()) 

(148.8) 


41.4 

20. () 

20.0 

45 . 5 

10.7 

11.4 

0 

8.2 




137.1 

I 75 . 1 

(40.1) 

(10.4) 

(21.7) 



(211.4) 

(15) 

{<..2) 




(118.0) 

(117.8) 

M.ay 

42 . .4 

24.7 

28. 1 

.48 . 0 

20.0 

174.4 

14 

5.8 


;* 

a 

140.4 

1<»0.4 

(40.7) 

(21.1) 

(20.0) 



(280.2) 

(10) 

(0.2) 




(11(>,7) 

(102.7) 

June 

42.0 

2.5.0 

28.5 

45. (i 

22.0 

558.0 

24 

1.5 

> 



117.0 

154.1 

(4i.l) 

(24.8) 

(27. t.) 



(140.0) 

(24) 

(1.2) 




(105.2) 

(II4..4) 

July 

42.4 

25.5 

28.0 

45.5 

20. «) 

175.5 

21 

5 . 5 

> 

? 


121. 8 

l(.7.8 

(42.1) 

(2L0) 

(28 .,5) 



(.54(,.7) 

(2()) 

(1.8) 




(112.8) 

(157.0) 

August 

44..') 

20.2 

20.8 

40.8 

24.1 

l(»0.t) 

1 1 

0.2 


? 

a 

108.5 

171.4 

(42.1) 

(21, 5) 

(28.1) 



(442.2) 

(20) 

(5.1) 




(105.0) 

(1.58.7) 

Septcanber 

41.0 

24.0 

27.1 

40.7 

20.7 

200.0 


1.0 




78 . 4 

140.4 

(41.0) 

(24.1) 

(27.(.) 



(271.0) 

(18) 

(5.0) 




(85.8) 

(147.5) 

October 

4 1 . .4 

10.8 

25.0 

41. 1 

15.5 

(.4 1 

1 

7.7 

? 

> 

;* 

85.0 

laO.ti 


(40,1) 

(20.1) 

(25.1) 



(170.1) 

(11) 

(•>.«) 




(78.0) 

(124.7) 

NovemlxT 

20.1 

15.1 

20.8 

40. 1 

10.5 

40..'’) 

7 

0.2 



? 

.50.2 

81 .0 


(20.0) 

(15 0) 

(21.5) 



(15.1) 

(2) 

(7.8) 

> 

> 

a 

(58.0) 

(88.3) 

Decern lM*r 

2,5.0 

7 7 

10.0 

27.1 

5.0 

00.0 

0 

0.2 

* 


a 

17. (i 

0)7 . 0 


(21.0) 

(0,7) 

(17 .0 



(18.8) 

(1) 

(7.0) 




(17.2) 

(:.1.5) 


PER CENT RELATIVE HUMIDITY 
Table 5(a). Thakurbari (North Bank), Assam 


I IcHirs IS r 

Jan. 

Feh, 

March 

,\pril 

May 

1 me 

Jalv 

Aug. 

Scpi. 

Oct. 

Nov. 

Dec. 

00 io 

on 

80 

81 

81 

85 

02 

80 

80 

<)6 

01 

05 

05 


(03) 

(02) 

(85) 

(87) 

(00) 

(03) 

(01) 

(93) 

(91) 

(92) 

(03) 

(04) 

1310 

O’. 

11 

10 

18 

tit) 

70 

75 

71 

76 

6() 

67 

55 


(53) 

(50) 

(51) 

(1.3) 

(00) 

(77) 

(76) 

(75) 

(75) 

(71) 

(02) 

(57) 


Notes I (i) Data in brackets show previous averages. 

(ii) Soil temp, at cliHcrcnl depths arc the mean of morning and afternoon records. 

(iii) Penman in mm means Penman estimation of evaporation from an open pan water surface. 

(iv) ? ii.dicatcs data net available. 
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SUMMARY OF METEOROLOGICAL OBSERVATIONS DURING 1978 
Table 6. Gungaram (Teral), Weit Bengal 


Latitude 2r)°47 

' N 





D.ngitude 88«48'F 



Altitude 123,0 in 

(a.m.s.l.) 










Daily Soil I’emp. 


Monthly evaiK)- 



Daily tiMuperature 



Kainlall 

(mm) 


1 (under gra.ss) 


i.ition 

[mm) 









Daily 






Months 

Mean 

Mean 

Mean 

Highest 

LuWI'St 

Me in t hi V 

Kainv 

Minshine 


1 )e|)th 


( )|)en 

Pen- 

1978 

Max. 

Min. 


Max. 

Min. 

total 

(lavs 

hrs. 




pan 

man 










5 ( III 

15 cm 

30 cm 



January 

22.2 

8 . 9 

15.0 

25.2 

5 . ti 

2.1 

1 

7.0 

1().8 

10.2 

17.5 

42.4 

05.3 


(22.7) 

(9.1) 

(15.9) 



(1.4) 

(1) 

(7.(>) 




(19.9) 

((>(>.8) 

February 

25.0 

11.0 

18.0 

31.1 

7.2 

1.9 

1 

7.8 

10. ti 

18.7 

10.4 

t»5..5 

89.4 


(25.8) 

(11. 1) 

(IH-'l) 



(4.5) 

(2) 

(8.0) 




(73.0) 

( III. 2) 

March 

80.1 

13. () 

21.8 

33 3 

10.5 

10.5 

1 

0 . 2 

24.0 

22.4 

22.1 

l.lO.t) 

1.50.2 


(31.1) 

(15.2) 

(23.2) 



(22.5) 

(4) 

(0.0) 




(131.2) 

(1.54.4) 

April 

32.0 

19.8 

25.9 

35.0 

15.0 

119.2 

0 

0. 1 

20 . 2 

27.2 

20. t» 

149.9 

183.1 


(30.4) 

(20.0) 

(25.2) 




(10) 

(8.0) 





(I8t>.8) 

May 

30.8 

22.8 

20.8 

30.5 

18.8 

317. 5 

15 

().(> 

31,8 

30.5 

:{i).2 

1 14.2 

173.5 


(30.2) 

(21.8) 




(310.1) 

(17) 

(7.0) 




(114.4) 

(172.4) 

June 

31.5 

24.5 

28.0 

34.0 

22.7 

3KL5 

19 

5.3 

30.8 

30,2 

20. 7 

03.0 

1.58. () 


(30.8) 

(22.8) 

(20.8) 



(350.3) 

(21) 

(5.1) 




(02.1) 

(151. I) 

July 

31.0 

21.5 

27.8 

31.3 

23.3 

518.3 

25 

5.7 

30.2 

20.8 

29 . 8 

10(>.3 

lt)5.4 


(30.9) 

(21.7) 

(27.8) 



((>52,0) 

(24) 

(5.2) 




(91.0) 

(1.50.0) 

August 

32.9 

25.0 

29.0 

30.7 

23.1 

57 1 . 7 

15 

7.3 

31.2 

30. () 

30.8 

125.3 

181.9 


(32.0) 

(24.9) 

(28.4) 



((>88.11 

(20) 

(9.4) 




(105.0) 

(172.7) 

September 

30.8 

21.1 

27.3 

33.3 

22.3 

327.7' 

18 

5 0 

30.1 

20, (• 

29,0 

81.8 

1 32 . 4 


(31.2) 

(24.1) 

(27.0) 



(313.1) 

(11*) 

(5.8) 




(81.1) 

(140,2) 

October 

31.2 

20.2 

25.7 

32 . 7 

It). 7 

27.3 

3 

8 . 3 

28 . 8 

27.8 

28 , 2 

85.2 

137.1 


(30.0) 

(20.0) 

(25.0) 



(100.0) 

(»*) 

(7.8) 




(78.9) 

(130.2) 

November 

27.5 

15.8 

2 1 . () 

30.8 

9.9 

2 . 1 

1 

7.4 

21.2 

24.2 

25.0 

.50.4 

89, t> 


(27.4) 

(l(..l) 

(21.8) 



(17.2) 

(1) 

(7.4) 




(.5li.0) 

('1(1.2) 

December 

20.0 

10.0 

18.0 

28.3 

8.1 

0.0 

0 

8 . 3 

10. () 

18.0 

19.0 

48,5 

71 ,(l 


(25.4) 

(10.8) 

(18.1) 



(9.(,) 

(2) 

(7.0) 

. . . . _ . 


.... 

(15.1) 

(7(1.2) 


PER CENT RELATIVE HUMIDITY 
Table 6(a). Gungaram (Teral), West Bengal 


Hours IS4' 

Jan. 

Feb. 

March 

April 

May 

June 

.July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

0035 

95 

93 

89 

81 

87 

91 

93 

92 

92 

92 

94 

9.5 

1 335 

(94) 

49 

(92) 

42 

(84) 

31 

(85) 

44 

(88) 

04 

(91) 

71 

(92) 

75 

(92) 

70 

(92) 

74 

(94) 

59 

(94) 

57 

(95) 

42 


(48) 

(41) 

(34) 

(53) 

(94) 

(74) 

(77) 

(74) 

(72) 

(62) 

(58) 

(47) 


Notes : (i) Data in brackets show previews everagrs. 

^ii) Soil temp, at difTerent depths are the mean of morning and afternoon records. 

(iii) Penman in mm means Penman estimation of evaporation from an open pan wa»er surface. 





